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Preface 


Living  organisms  interact  not  only  with  one  another 
but  also  with  a fluctuating  environment.  They  must,  there- 
fore, continually  accommodate  to  changes  in  environmental 
parameters  such  as,  solar  radiation,  heat,  cold,  hiimidity, 
atmospheric  pressure,  pollution  with  toxic  gases,  etc. 

Besides  these  environmental  factors,  nutritional  status  of 
an  organism  profo’jndly  influence  its  physiology.  To  preserve 
internal  milieu  constant  in  the  face  of  changing  environment 
and  nutritional  insults,  the  organism  should  respond  by 
appropriated  physiological,  behavioural  and  biochemical 
adjustments.  When  alteration  in  environment  or  nutrition 
adversely  perturbs  the  organism,  biochemical  mechanisms  may 
ensue  which  restore  the  functional  capacities  to  their 
previous  or  altered  but  stabilized  levels. 

It  is  very  well  known  that  vitamin  A plays  a major 
role  in  growth  and  fastly  regenerating  tissues  apart  from 
its  role  in  vision.  Vitamin  A appears  to  be  an  essential 
nutrient  for  increased  metabolic  needs.  Hence,  the 
influence  of  various  stress  conditions  on  the  metabolism  of 
vitamin  A was  studied.  This  study  forms  the  Part  I of  this 
report. 

Carotenoids  act  as  precursor  of  vitamin  A and 
depending  on  provitamin  A activity,  these  carotenoids  are 
classified  as  biologically  active  or  inactive.  The  effect 
of  different  stress  conditions  on  the  absorption  of 
p-carotene^are  reported  in  Part  II. 

Lysosomes  contain  an  array  of  acid  hydrolases  which 
exhibits  a voracious  capacity  to  hydrolyze  virtually  all 
kinds  of  macromolecules.  However,  due  to  structural  latency 
of  lysosomes,  normal  constituents  of  cell  escape  the  attack. 
Hence,  we  studied  the  effect  of  environmental  stress 
condition  such  as  simulated  high  altitude  and  regeneration 
on  lysosomes  with  a view  to  understanding  the  renercursions 
caused  by  this  stress.  These  studies  form  the  Part  III. 

/and  cleavage  enzyme  of  p-carotene 
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P A R T - I 

INFLUENCE  OF  VARIOUS  STRESS  CO^IDITIONS  ON  THE  METABOLISM  OF 
VITAMIN  A. 

General  Introduction 

Vitamin  A constitutes  one  of  the  essential  nutrients 
in  the  diet.  Its  absence  leads  to  impairment  of  vision  and 
lack  of  growth  in  the  early  stages  of  development.  Only 
three  essential  physiological  forms  have  been  recognized, 
viz.,  retinol,  retinal  and  retinoic  acid.  Liver  is  the  chief 
storage  organ  in  animals  to  preserve  the  excess  of  vitamin  A 
formed  in  the  system  than  required  for  the  immediate  metabolic 
needs.  In  spite  of  the  extensive  res^rch  work  carried  out 
so  far,  in  establishing  the  relation  between  vitamin  A and 
several  biochemical  processes  (that  are  affected  in  its 
deficiency)  like  protein  synthesis,  mucopolysaccharide 
synthesis,  steroidogenesis,  cartilage  integrity  and  rhodopsin 
synthesis,  yet  the  molecular  mode  of  action  of  vitamin  A 
still  remains  obscure  and  quite  elusive. 

Vitamin  A and  its  metabolic  transformations 

Absorption;  The  retinyl  esters  in  the  diet  are 
hydrolyzed  in  the  intestinal  lumen  by  pancreatic  lipase  and 
hydrolase  situated^  on  the  brush  border.  Retinol  is  absorbed 
into  mucosal  cell  by  active  process.  Inside  the  cell,  it  is 
re-esterified (mainly  as  palmitate)  and  transported  to  liver 
chiefly  by  lymphatic  route  in  association  with  lymph 
chylomicron.  The  mode  of  absorption,  mechanism  of  transport 
and  storage  have  been  reviewed  [Ganguly,  I960,  1967;  Ganguly 
and  Murthy,  1970].  Retinoic  acid  is  rapidly  absorbed  and 
metabolized  [Deshmukh  at  a^. , 1964].  It  is  found  to  be 
conjugated  with  glucuronic  acid  and  then  excreted  in  the 
bile  as  glucuronide  [Dunagin  et  » 1965;  Lippel  and 
Olson,  1968].  Further,  studies  with  ^^C-retinoic  acid 
[Fidge  et  , 1968,  1969]  have  shown  that  it  is  absorbed 
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through  portal  route  in  contrast  to  retinol. 
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Storage;  In  liver  retinol  is  stored  mainly  as  the 
palmitate  ester  [^fa.hadevan  e;t  > 1961]  although  small 
amounts  of  retinyl  oleate  and  retinyl  stearate  have  also 
been  detected  [Goodman  e^  gi- » 1965]. 

Linder  et  aj..  [l97l]  have  prepared  Kupffer  cells  free 
of  hepatocytes  and  have  shown  only  4 percent  of  the  total 
liver  vitamin  A is  present  in  them  while  remaining  96  percent 
distributed  in  hepatocytes.  Nyquist  et  a^. [l97l]  have  shown 
that  Golgi  bodies  store  highest  concentration  of  retinol  in 
the  cells  as  retinyl  esters.  A possible  role  of  Golgi 
bodies  in  the  mobilization  and  transport  of  retinol  has 
been  suggested. 

Transport ; Retinol  is  transported  to  various  tissue 
in  association  with  a binding  protein  called  Retinol-Binding 
Protein  (RBP)  [Kanai  et  g^. , 1968].  RBP  interacts  with 
pre-albumin  of  plasma  in  1:1  molar  ratio  and  in  this  PA -RBP 
complex  retinol  circulates  in  blood  [Goodman,  1969a, b]. 

RBP  has  been  isolated  from  animal  species  like  rabbit, 
monkey,  goat,  chicken  [Huang  gl^. , 1972;  Vahlquist  and 
Peterson,  1972;  Muto  and  Goodman,  1972;  Peterson  at  al. , 

1973;  Gama  at  al.. , 1976]. 

It  has  been  observed  that  during  vitamin  A deficiency 
RBP  level  in  serum  decreases  and  increases  in  liver  [Muto  _et 
al. , 1972].  The  levels  of  RBP  in  serum  have  shown  to  be 
significantly  decreased  during  hypervitaminosis  A.  The 
vitamin  A toxicity  in  hypervitaminosis  A is  attributed  to 
delivery  of  retinol  to  membranes  not  boimd  to  RBP  [Dfellia 
at  al. , 1975].  The  secretion  of  RBP  by  the  liver  to  plasma 
is  efficiently  regulated  by  the  availability  of  vitamin  A 
[Smith  et  al.. , 1973]. 

At  present  it  appears  that  the  significance  of  RBP 
seems  to  afford  stability  to  the  otherwise  highly  unstable 
retinol  molecule  as  well  as  to  facilitate  the  specific  mode 
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of  transfer  to  the  receptor  on  the  target  tissues. 


Role  in  Vision;  The  role  of  vitamin  A in  vision  has 
been  established  by  Wald,  Hubbard  and  their  colleagues  [Wald 
et  al. , I960;  Wald,  1968;  Wald  and  Hubbard,  1970].  The 
ll-cis  isomer  of  retinaldehyde  interacts  with  opsin,  a 
protein  present  in  the  rod  cells  of  retina  to  form  the 
visual  pigment,  rhodopsin.  Retinaldehyde  undergoes  cis-t rans 
isomerization  cycle  with  the  proteins  of  the  opsin  family 
as  shown  by  the  following  scheme  during  the  visual  process: 


Opsin  + 11  - cis  - Retinaldehyde 


T 


NADP 
(or  NAD) 


Visual  pigment 
(ll-cis-Retinaldehyde- 
opsin  complex) 


Light 


11-cis-Retinol  <- 


all-trans  retinaldehyde  + opsin 
n' 


v!/ 


4/ 


ll-cis  retinyl  esters 


all-trans  Retinol 


?<«f — »all-trans  retinyl 
esters 


Cis-trans  isomerization  cycle  of  retinaldehyde 
in  vertebrate  eyes  I WaldT  19^8] 


Metabolism  of  Vitamin  A;  Several  congeners  of 
vitamin  A exert  biological  activities  by  their  conversion 
into  retinol.  Alcohol  dehydrogenase  brings  about  the 
interconversion  of  retinal  a^’d  retinol  and  the  presence  of 
this  enzyme  in  various  tissues  [Bliss,  1949,  1951;  Wald  and 
Hubbard,  1949;  Merritt  and  Tomkins,  1959;  Zachman  and  Olson, 
1961;  Putterman,  1963;  Dalziel  and  Dickinson,  1965;  Koen  and 
Shaw,  1966;  Fidge  and  Goodman,  1967,  1968;  Krishna  I'fe.llia 
et.  » 1969a]  has  been  demonstrated.  Koen  and  Shaw  [I966] 
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have  shown  that  when  soluble  extracts  of  liver  are  analyzed 
by  starch  gel  electrophoresis,  five  alcohol  dehydrogenase 
bands  appear.  Pour  of  these  presumably  are  isozymes  of  liver 
alcohol  dehydrogenase  which  oxidize  both  ethanol  and  retinol. 
However,  the  fifth  enzyme,  termed  as  retinol  dehydrogenase  3, 
differs  markedly  from  the  rest  and  is  specific  for  retinol. 
Similarly,  they  demonstrated  three  alcohol  dehydrogenase 
bands  from  the  extract  of  retina  of  the  rat,  two  of  which 
were  specific  for  retinol  and  third  could  act  on  both  alcohol 
and  retinol.  Retinol  dehydrogenase  from  the  intestinal 
mucosa  of  rat  has  been  purified  13-fold  [Pidge  and  Goodman, 
1968].  This  enzyme  is  relatively  non-specific  towards 
various  aldehydes  and  requires  NADH  or  NADPH  as  cofactor  for 
reduction  of  retinal  to  retinol. 

Retinyl  esters,  irrespective  of  the  fatty  acyl 
moiety,  are  hydrolyzed  to  retinol  in  the  rat  intestine 
[Gary  e^  a^.  (1940);  Mahadevan  e;t  3^.(1963)].  Retinyl 
palmitate  hydrolase  activity  has  been  demonstrated  in  the 
rat  liver  [rfehadevan  ^ al. , 1966].  The  enzyme  is  primarily 
localized  in  nuclear  and  mitochondrial  fractions  of  the  cell. 
Though  retinyl  acetate  hydrolase  has  been  identified  and 
characterized  from  various  tissues  [Olson,  1964;  Bertram 
and  Krisch,  1969;  Mathur  e^  al. , 1970;  Natanson  and 
Eremina,  1972]. 

Retinoic  a.cid  which  is  even  superior  to  retinol  in 
promoting  growth  [Malathi  £t  s^. , 1963],  is  not  converted 
into  retinol.  However,  retinal  is  converted  into  retinoic 
acid  by  liver  aldehyde  oxidase  [Draitrovsky,  1961;  Putterman, 
1962;  Bamji  ^ , 1962;  Mahadevan  e^  §1.,  1962;  Lakshmanan 

et  aj.. , 1964],  alcohol  dehydrogenase  [Elder  and  Topper,  1961, 
1962]  and  by  xanthine  oxidase  [Putterman,  1962].  Aldehyde 
oxidase  irriversibly  oxidizes  both  11-cis  and  all-trans 
retinal  to  retinoic  acid. 


Metabolism  of  vitamin  A can  be  schematically 


represented  as  follows: 


Retinol 


Retinal  oxidase 

Retinal Retinoic 

acid 


Retinyl  palmitate 
hydro lase 


Retinyl  palmitate 


It  is  very  well  known  that  vitamin  A plays  a major 
role  in  the  maintenance  of  growth  and  in  vision.  When  the 
metabolic  needs  are  more  as  it  happens  when  animals  are 
subjected  to  stress  conditions,  vitamin  A metabolism  is  also 
affected.  Hence,  studies  were  carried  out  to  investigate  the 
influence  of  hypothermia  and  ethanol  feeding  on  the  absorption, 
storage  and  metabolism  of  vitamin  A, 

I^terials  and  Methods 

Light  petroleum  (b. p. 40-60°) ; The  solvent  supplied 
by  ESSO  Company  was  left  over  10  percent  aqueous  KITnO^ 
solution  for  three  days  with  occasional  shaking,  washed, 
distilled,  dried  over  CaCl2  and  redistilled  before  use. 

Diethyl  ether  (Alembic  and  Go.)  was  freshly 
distilled  over  reduced  iron  to  remove  any  peroxides. 

Spectroscopically  pure  ethanol;  It  was  prepared  by 
refluxing  rectified  spirit  with  zinc  dust  and  KOH  for  6 hrs. 
distilling  it  twice. 

Acetone : The  commercial  product  was  distilled  twice 
before  use. 

Chloroform;  Analar  quality  chloroform  was  used. 

Alumina ; Neutral  alumina  obtained  from  National 
Chemical  Laboratory,  Poona  was  refluxed  with  ethanol  for 
2 hrs.,  washed  with  light  petroleum  and  dried  in  the  oven 
at  120°  for  6 hrs.  It  was  partially  deactivated  with  water 
and  used. 
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Antimony  trichloride:  It  was  obtained  from 
Albright  and  Wilson  (Mfg.)  Ltd., London.  Freshly  prepared- 
saturated  solution  (25  percent,  w/v)  of  antimony  trichloride 
in  chloroform  was  ased  for  Carr-Price  reaction  after  the 
addition  of  1 percent  (v/v)  of  acetic  anhydride  just 
before  use. 

Vegetable  oils;  Refined,  deodorized,  decolourized 
groundnut  oil  obtained  from  Hindustan  Lever  Ltd.,  Bombay, 
was  used. 

Ethanolic  hydrochloric  acid;  Hydrogen  chloride  gas, 
prepared  by  treatment  of  sodium  chloride  with  concentrated 
sulphuric  acid  was  passed  through  concentrated  sulphuric 
acid  and  was  bubbled  into  absolute  alcohol  (ethanol)  to  give 
suitable  dilution  with  absolute  ethanol  to  give  the  required 
concentration. 

Thiourea  was  obtained  from  Hopkins  and  Williams 
Ltd., London.  Thiobarbutric  acid  and  Triton  X-100  were 
purchased  from  Sigma  Co.,  St. Louis  T'o.USA.  Atebrine  was 
purchased  from  George  T.Gun  Ltd., London.  Retinyl  acetate  and 
retinyl  palmitate  were  generous  gifts  from  Hoffman  -La  Roche, 
Basle,  Switzerland  through  the  kind  courtesy  of  Dr.O.Isler. 
Retinal  was  prepared  by  the  oxidation  of  synthetic  crystalline 
retinol  with  IlnO^  according  to  the  procedure  of  Ball  et  al . 
(1948).  All  other  chemicals  were  of  Analar  grade. 

Thiourea ; Four  grams  of  thiourea  was  dissolved  in 
100  ml  of  glacial  acetic  acid  and  the  solution  filtered 
through  glass  wool  before  use.  The  reagent  could  be  stored 
indefinitely  at  room  temperature. 

Thiobarbutric  acid  (TBA);  600  rag  of  TBA  was  dissolved 
in  100  ml  of  spectroscopic  ethanol  and  filtered  through 
Whatman  Mo.l  filter  paper  and  stored  in  cold  (0-5°C)  before 
being  used.  The  reagent  could  be  kept  for  considerable 
period,  but  was  always  freshly  prepared. 
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Vitamin  A-deficient  animals;  V/eanling  male  albino 
rats  of  the  Institute  strain  v/eighing  around  30-40  g were 
fed  on  a vitamin  A-free  diet,  the  percent  composition  of 
which  is:  casein  (ethanol  refluxed  and  ether  extracted),  18; 
starch,  63;  sucrose,  10;  refined  groundnut  oil,  5;  salt 
Mixture  (Hawk  and  Oser,  1931),  4*  The  following  vitamins 
were  also  added  per  kg  of  diet:  calciferol,  100  \xg; 
a-tocopheryl  acetate,  100  mg;  2-methyl-l-4-naphthaquinone , 

5 mg;  thiamine  hydrochloride,  5 mg;  riboflavin,  5 mg; 
nicotinic  acid,  50  mg;  pyridoxin,  5 mg;  pantothenic  acid, 

50  mg;  biotin,  500  pg;  folic  acid,  500  pg;  inositol,  100  mg; 
choline  chloride,  1.0  g;  ascorbic  acid,  1.0  g.  Aoueous 
solutions  of  water-soluble  vitamins  were  prepared  in  suitable 
concentrations  and  requisite  amount  was  mixed  with  diet 
every  day.  The  basal  ration  was  given  to  all  the  rats 
ad  libitum  with  an  adequate  supply  of  fresh  water.  Grcnerally, 
the  rats  maintained  on  this  diet  were  depleted  of  vitamin  A 
reserves  within  about  28  days.  The  rats  were  weighed  at  the 
same  time  at  biweekly  intervals  for  the  first  weeks  and  then 
every  day  until  their  weights  reached  a plateau  stage.  A rat 
was  considered  depleted  of  vitamin  A when  its  net  gain  in 
weight  on  four  successive  days  did  not  exceed  1 g,  provided 
that  on  two  of  the  days  the  animal  did  not  gain  in  weight 
[Bliss  and  GySrgy,  1951].  At  the  depletion  period  the  rats 
invariably  reached  a constant  weight  of  80-90  g on  an 
average.  Control  rats  received  2 mg  vitamin  A in  orally 
weekly  apart  from  the  above  specified  vitamin  A-free  diet. 

Simulation  of  hypothermia;  Vitamin  A-deficient  rats 
were  kept  in  cooler  (C-5°C)  for  different  interval  of  time 
while  control  animals  are  vitamin  A-deficient  but  kept  at 
room  temperature  about  28°C. 

Homogenization  and  preparation  of  t issue  fractions : 
Vitamin  A-deficient  rats  v^ere  given  high  oral  dose  of  vitamin 
A and  exposed  to  simulated  high  altitude  for  a period  of 
4 hrs.  Animals  wore  killed  under  light  ether  aneasthesia. 
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Liver,  intestine,  kidney  and  stomach  were  dissected  out, 
freed  from  adhering  tissues  and  washed  in  cold  physiological 
saline  (0.9  percent).  The  tissues  dried  between  the  /were 
folds  of  filter  oaper,  weighed  and  immediately  kept  in  a 
beaker  in  an  ice  bucket.  In  the  case  of  livers,  a part 
weighing  about  1 g was  cut  and  kept  separately  for  the 
determination  of  stored  vitamin  A.  The  rest  of  the  liver 
was  used  for  homogenization. 

Homogenization  of  livers;  The  livers  were  minced 
into  small  pieces  and  homogenized  in  a Potter-Elvehjem 
Homogenizer  in  0.25M  sucrose  (l;5  w/v) . The  homogenate  was 
first  centrifuged  at  lOOOxg  for  10  min  to  separate  the 
nuclear  fraction.  The  supernatant  was  centrifuged  at 
6500xg  for  10  min  to  remove  the  mitochondrial  fraction  and 
the  post  mitochondrial  supernatant  was  centrifuged  at 
12000xg  for  30  mir  in  a Sorvall  RG  2B  Centrifuge.  The 
supernatant  thus  obtained  was  spun  at  lOOOOOxg  for  60  min  in 
Spinco  L Model  Beckman  Ultracentrifuge.  The  supernatant 
was  used  to  assay  retinal  oxidase  and.  reductase. 

Enzyme  Assays 

Retinal  reductase;  The  assay  system  consisted  of 
0.5  nmoles  of  retinal  in  0.1  ml  alcohol,  0.1  ml  of  .UADH2(1m. 
mole),  0.1  ml  reduced  glutathione  (2|imoles),  0.3  ml  atebrine 
3ramoles  and  0.5  ml  enzyme.  The  whole  volume  was  made  upto 
3 ml  with  0.1  M sodium  phosphate  buffer,  pH  7.2  Atebrine 
was  employed  as  inhibitor  of  retinal  oxidase  activity 
[Lakshmanan  et  al. , 1964].  The  incubation  was  carried  out 
at  37°C  for  60min  and  the  reaction  was  stopped  by  the  addition 
of  5 ml  ethanol.  The  reaction  mixture  was  then  extracted 
three  times  vrith  25  ml  of  distilled  peroxide-free  diethylether . 
The  extracts  were  combined,  evaporated  to  drjmess  vacuo 
and  dissolved  in  a few  ml  of  light  petroleum.  The  reaction 
products  were  separated  by  adsorption  on  5 percent  (v/w)- 
water-deactivated  alumina  column.  The  column  was  developed 
with  2 percent  (v/v)  diethylether  in  light  petroleum  to  remove 
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uncoverted  retinal  and  the  retinol  was  eluted  with  25  percent 
(v/v)  diethylether  in  light  petroleum  and  estimated  in  light 

1 *L 

petroleum  from  its  E,  value  of  1650  at  325  nm.  In  some 

i cm 

assay,  the  reaction  substrate  left  behind  was  estimated  by 
thiobarbutric  acid  assay  of  Futterman  and  Saslaw  [196I]  as 
follows:  The  test  solution  was  diluted  to  3 ml  water  ethanol. 
To  each  tube  1 ml  of  thourea  reagent  and  1 ml  of  TBA  reagent 
were  added.  A reagent  blank  containing  3 ml  of  ethanol  was 
also  prepared.  All  the  tubes  were  shaken  so  as  to  achieve 
uniform  mixing  of  the  reagents  and  left  in  the  dark  for 
30  rain  after  which  the  absorbance  of  the  pink  colour  was 
measured  at  530  nm.  The  difference  between  retinal  content 
of  the  blank  of  the  reductase  enzyme  and  that  of  the  reaction 
mixture  gave  a measiire  of  the  activity.  The  calibration 
curve  for  retinal  was  constructed  using  retinal  in  the  range 
of  10  to  60  nmoles. 


Retinal  oxidase;  The  enzyme  activity  was  determined 
essentially  according  to  Lakshmanan  et  ^.[1964].  The  assay 
system  consisted  of  liimole  of  retinal  suspended  in  0.1  ml 
ethanol,  0.1  ml  of  reduced  glutathione  (2pmoles),  0.5  ml 
enzyme(containing  above  5 mg  protein),  the  volume  being 
made  upto  3 ml  with  O.IF  sodium  phosphate  buffer,  pH  7.8. 

The  incubation  was  carried  out  at  37°C  for  30  min  and  stopped 
by  adding  5 ml  ethanol.  A blank  was  done  with  the  same  amount 
of  substrate  but  without  enzyme.  Both  the  reaction  mixtures 
were  extracted  with  25  ml  of  distilled  peroxide-free  diethyl- 
ether. The  extracts  were  dried  over  anhydrous  sodium  sulphate, 
evaporated  to  dryness  iji  vacuo  and  dissolved  in  known  quantity 
of  ethanol.  The  retinal  in  blank  and  test  was  estimated  by 
TBA  assay  of  Putterman  and  Saslaw  [I96I]  as  described  earlier. 
The  difference  betv/een  the  retinal  amounts  of  the  blank  and 
the  reaction  mixture  gave  a measure  of  the  retinal  oxidase 
activity. 

Estimation  of  Vitamin  A 


Liver,  stomach  and  kidney;  The  tissue  was  cut  into 
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small  pieces,  ground  with  anhydrous  sodium  sulphate  and 

extracted  with  a mixture  of  light  petroleum  and  freshly 

distilled  peroxide-free  diethylether . The  ether  was  completely 

evaporated  in  vacuo  and  was  then  suspended  in  chloroform. 

Vitamin  A content  of  solution  was  estimated  by  antimony 

trichloride  colour  reaction,  the  absorbance  being  measure 

at  620  nm  and  ^ of  4800. 

1 cm 

Protein;  Protein  content  was  measured  by  the  method 
of  Lowry  et  a^.  [1951]  using  bovine  serum  albumin  .as  standard. 

Results  and  Discussion 

Liver  and  plasma  vitamin  A were  estimated  in  control 
and  exposed  animals.  Table  1 depicts  the  levels  of  liver  and 
plasma  vitamin  A.  Plasma  vitamin  A level  gives  an  index  of 
mobilizable  vitamin  A while  that  of  liver  an  index  of  storage 
of  vitamin  A.  From  the  Table,  it  can  be  seen  that  the  liver 
vitamin  A is  lower  in  the  exposed,  animals  than  that  of  control. 

Table-1;  Liver  and  Plasma  Vitamin  A 


Period  of 
exposure 

Liver  vitamin  A 

Plasma  vitamin  A ug/lOO  ml 

C 

E 

C 

E 

0 Week 

34 

— 

38 

•• 

1 Week 

X 

X 

X 

X 

2 Week 

286 

215 

48 

44 

3 Week 

454 

345 

43 

41 

C = Control 

E = 

Exposed  to 

cold 

This  may  be 

due  to  decreased 

absorption  and/on  the  increased 

utilization 

. Plasma 

vitamin 

A of 

exposed  animals  did  not 

differ  much 

from  tha1 

: of  control. 

Sundaresan 

and  Theriault 

[1968]  and  i 

Sundaresan  e^  al. 

[1965] 

reported  an  increased 

utilization  and  no  change  in  vitamin  A level. 

Retinal  reductase  and  oxidase  are  the  enzymes  involved 
in  the  conversion  of  vitamin  A alcohol  form  into  active  form 
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of  vitamin  A.  Effect  of  exposure  to  cold  on  these  enzymes 
is  represented  in  Table  2.  Specific  activity  of  retinal 
reductase  was  unaltered  in  exposed  animals,  whereas  retinal 
oxidase  levels  increased.  The  increase  in  retinal  oxidase 
activity  indicates  the  increased  utilization  of  vitamin  A. 

Table-2 ; Hepatic  Retinal  Oxidase  and  Retinal  Reductase 

Period  of  Retinal  Oxidase  Retinal  Reductase 

exposure  (Sp. activity)  (Sp.activity ) 


0 Week  12.34+0.2 

1 Week  13.97  + 0.8  15.20  + 

2 Week  14.37  + 1.1  17.37  + 

3 Week  13.85  + 0.8  16*20  + 


9.46  + 0.8 

0.4  9.82  + 1.5  9.72  + 2.0 

1.6  10.34  + 1.3  10.30  + 0.4 

1.3  10.12  + 0.8  10.32  + 0.7 


i 

\ 


i 


1 

j 

i 


C = Control  E = Cold  exposed 


Effect  of  short-term  and  long-term  ethanol  feeding  on 
vitamin  A metabolism. 


Irrespective  of  the  forms  of  retinyl  esters  fed,  the 
vitamin  A is  stored  in  the  liver  mainly  in  the  form  of  retinyl 
palraitate.  It  is  converted  to  retinol  by  retinyl  palmitate 
hydrolase.  Retinol,  thus  formed,  is  oxidized  to  retinal  by 
retinal  reductase  which  is  an  isoenzyme  of  alcohol  dehydroge- 
nase. In  addition  to  alcohol  dehydrogenase,  microsomal  mixed 
function  oxidase  system  of  liver  can  also  oxidise  ethanol  to 
acetaldehyde.  Lieber  and  Decarli  [1970]  showed  that  the 
levels  of  these  enzymes  are  changed  in  adaptation  to  the 
increased  influx  of  ethanol  in  the  system.  This  adaptation 
may  indirectly  affect  vitamin  A metabolism  since  alo')hol 
dehydrogenase  is  known  to  oxidize  retinol  in  liver.  Hence, 
in  the  present  study,  experiments  were  carried  out  to  investi- 
gate the  influence  of  sh&t-term  and  long-term  ethanol  feeding 
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on  absorption,  storage  and  metabolism  of  vitamin  A in  the  rat. 

Rats  wore  made  vitamin  A-deficient  by  feeding  a diet 
as  mentioned  earlier.  Various  methods  of  ethanol-feeding  to 
rats  were  examined  like  mixing  ethjanol  with  the  diet,  making 
a slurry  and  feeding  the  rats,  mixing  ethanol  with  drinking 
water  or  forecc-f eeding  the  rats  with  different  concentrations 
of  ethanol  by  stomach  tubing.  The  last  method  was  found  to 
be  the  most  convenient. 

Female  rats  of  the  Institute  strain  were  used  for  the 
experiments.  In  some  experiments  male  rats  were  used. 

Vitamin  A-deficient  rats  vrere  fed  2 ml  of  25  percent  ethanol 
followed  by  2 mg  of  vitamin  A in  oil.  Control  rats  were  j 

given  2 ml  of  isocaloric  sucrose  solution  followed  by  vitamin  A.  | 

At  various  time  intervals  four  rats  of  each  group  were  killed.  | 

by  ether  anaesthesia.  Blood  was  collected.  Liver,  stomach  j 

and  intestine  were  dissected.  ' 

Vitamin  A in  plasma,  liver,  stomach  and  intestine  |i 

were  estimated.  Retinyl  ester  hydrolase  of  intestine,  !| 

retinal  reductase  and  oxidase  were  estimated.  | 

Results  and  Discussion  I 

During  the  covirse  of  the  exneriment  it  was  noticed 
that  rats  fed  ethanol  became  vitamin  A-deficient  at  a faster 
rate  than  the  control  rats  reared  on  vitamin  A-deficient  diet. 

Table  1 represents  the  dosage  tolerance  of  ethanol  by 
vitamin  A-deficient  rats.  From  the  table,  it  is  evident  that 
feeding  of  50  percent  ethanol  is  too  toxic  to  be  ingested. 

Hence,  in  the  present  experiments  rats  were  fed  25  percent 
ethanol  (w/v) . Table  2 represents  the  effect  of  dosage  of 
ethanol  on  the  absorption  of  vitamin  A when  5000  I.U./rat 
vitamin  in  oil  was  given  along  with  different  doses  of  ethanol, 
it  was  evident  that  intestinal  vitamin  A increases  with  dosage 
though  at  50  percent  it  is  less  than  at  35  percent.  Liver 
storage  on  the  other  hand,  shows  depletion.  This  indicates 
that  absorption  df  vitamin  A is  somewhat  affected,  while 


i 
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utili2ation  of  vitamin  A is  increased. 


Table-1:  Dosage  tolerance  by  vitamin  A-deflcient  rats 


Dosage  of  ethanol  Number  of  deaths 


% wt/vol 

1 ml 

1st 

day 

2nd  day  3rd  day 

4th  day 

10 

(5)^ 

X 

X 

X 

X 

25 

(5) 

1 

X 

X 

X 

35 

(5) 

1 

2 

X 

X 

50 

(8) 

3 

2 

X 

X 

30  ^ sucrose  (4) 

X 

X 

X 

X 

6 

- Figures  in 

parenthesis 

indicate  no. 

of  rats 

> • 

Table 

-2;  Effect  of 

dosage  of 

ethanol  on  absorption  of 

vitamin  A 

(female  rats). 

Dose  of 

Time 

Group 

ethanol 

after 

of  rat  s 

Stomach 

Intestine 

Plasma 

Liver 

dosage 

number 

lU/  organ  lU/organ 

lU/lOO 

lU/ 

ml 

organ 

0% 

0 hrs. 

(5) 

- 

- 

130 

312 

10^ 

24  hrs. 

0(4) 

- 

60 

215 

2400 

A(5) 

- 

84 

220 

2000 

25% 

24  hrs. 

0(5) 

- 

73 

195 

2370 

A(5) 

- 

94 

228 

1820 

55  % 

24  hrs. 

0(4) 

- 

75 

2 07 

2500 

A(4) 

- 

160 

192 

1481 

50  7c 

24  hrs. 

0(5) 

- 

48 

210 

2435 

A(4) 

125 

110 

161 

460 

C = Control  A = Alcohol  (ethanol) 


Tables  3 and  4 show  the  effect  of  short-term  feeding 
of  25  percent  ethanol  on  absorption  of  vitamin  A in  femala 
and  male  rats,  respectively.  After  1 hr.  of  feeding,  stomach 
contains  around  4000  lU  whereas  in  stomach  of  control,  only 
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around  1000  lU.  It  decreases  with  time.  More  vitamin  L is 
found  in  intestine  of  control  at  1 hr. period  than  ethanol-fed. 
With  time  it  is  depleted  faster  in  control  rats  than  ethanol- 
fed  indicating  the  absorption  is  affected  in  ethanol-fed  rats. 
Plasma  levels  of  vitamin  ii  is  higher  in  control  than  ethanol- 
fed.  Moreover,  as  a result  of  vitamin  u feeding  plasma 
levels  go  up  in  control  and  return  to  steady  level  at  24  hrs. 
period.  Liver  storage  of  vitamin  A is  very  markedly  influenced 
in  control  rats  than  the  ethanol-fed. 


Table-3 : Effect  of  ethanol  on  absorption  of  vitamin  A 


Time  of 
dosage 

Group  of 
rats  No. 

Stomach 
lU/ organ 

Intestine 
lU/ organ 

Plasma 
IU/100  ml 

Liver 

lU/organ 

1 hour 

C (4) 

911 

3296 

200 

E (4) 

4120 

85 

73 

- 

3 hours 

C (4) 

113 

1985 

520 

250 

E (3) 

1220 

1100 

284 

120 

6 hours 

C (4) 

65 

342 

560 

825 

E (4) 

420 

830 

480 

532 

12  hours 

C (3) 

- 

- 

410 

1485 

E (3) 

120 

400 

435 

1026 

24  hours 

C (4) 

- 

- 

186 

1852 

E (4) 

- 

- 

192 

1437 

G = Control  S 

= Ethanol 

Female  Rats 

Table -4:  Eff 

ect  of  ethanol  on  absorption  of  vitamin  A 

Time  of 
dosage 

Group  of 
rats  No. 

Stomach 
lU/ organ 

Intestine 
lU/  organ 

Plasma 
IU/100  ml 

Liver 

lU/organ 

1 hour 

C (4) 

856 

2964 

282 

... 

E (4) 

4023 

120 

64 

- 

3 hours 

C (4) 

113 

1692 

593 

264 

E (3) 

1344 

1023 

290 

115 

contd. . . 


■a 


(ca 
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contd. . . Table~4 


6 hours 

C (4) 

51 

328 

608 

740 

E (3) 

414 

941 

515 

643 

12  hours 

C (4) 

- 

- 

430 

1337 

E (4) 

85 

382 

441 

953 

24  hours 

C (4) 

- 

- 

195 

1690 

E (4) 

- 

- 

190 

1365 

C = Control 

E = Ethanol  Male 

rats 

Table  5 

represents 

ethanol  on 

absorption 

of  vitamin 

A when  it  is  fed 

in  aqueous 

dispersion. 

Here  also 

, the  same 

pattern 

is  observed. 

Table-5 : 

Effect  of 

ethanol  on 

absorption  ' 

of  vitamin  A 

Time  of 

Group  of 

Stomach 

Intestine 

Plasma 

Liver 

dosage 

rat  No. 

III/  organ 

lU/  organ 

lU/lOO  ml 

lU/organ 

1 hour 

C (4) 

870 

3348 

220 

_ 

E (4) 

4235 

98 

78 

- 

3 hours 

C (4) 

150 

1865 

540 

300 

E (4) 

1320 

1050 

260 

95 

6 hours 

C (4) 

72 

285 

545 

925 

E (4) 

405 

905 

468 

510 

12  hours 

C (4) 

- 

- 

385 

1562 

E (4) 

- 

360 

400 

1100 

24  hoixrs 

C (4) 

- 

- 

195 

1930 

E (4) 

— 

— 

190 

1480 

5000  lU  • 

vitamin  A 

aqueous  dispersion 

C = Control 

E = Ethanol 

The  above  tables  indicate  that  vitamin  A absorption  is 
lowered  but  at  the  same  time  vitamin  A levels  in  liver  are 
depleted  faster  on  short-term  ethanol  feeding. 
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On  chronic  feeding  of  ethanol  to  vitamin  /.-deficient  rats 
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showed  th*it  liver  vitamin  A is  lower  than  that  of  control. 
Tables  6 and  7 represent  the  content  of  liver  and  plasma  on 
chronic  feeding  of  ethanol.  This  study  shows  that  feeding 
of  ethanol  increases  utilization  only  in  the  intial  stages 
whereas  after  one  month  this  effect  is  not  pronounced. 

Table-6 ; Effect  of  ethanol  on  hepatic  stores  of  vitamin  A 


Days  on 
ethanol 

Group  of 
rats  NTo. 

Liver  vitamin  A 
lU/  organ 

Plasma  vitamin  A 
IU/100  ml 

0 Days 

(3) 

1680 

164 

7 Days 

C 

(4) 

1596 

168 

E 

(4) 

1348 

200 

15  Days 

C 

(4) 

1548 

156 

E 

(4) 

1300 

192 

G = 

Control  E = 

Ethanol 

Table-7:  Effect  of  ethanol  on  storage  of  vitamin  A on 

chronic  feeding. 

Period  of 

Liver  vitamin  ACiU) 

Plasm.a  vitamin  A (lU) 

feeding 

C 

E 

•t 

B 

24  hours 

291 

+ 

19 

262 

+ 

18 

128 

169 

1 week 

328 

+ 

15 

217 

4* 

13 

134 

174 

2 weeks 

CM 

+ 

37 

262 

+ 

24 

140 

151 

1 month 

368 

+ 

29 

281 

14 

128 

126 

3 months 

CM 

+ 

17 

312 

+ 

26 

137 

138 

5 months 

408 

+ 

22 

CD 

CO 

+ 

26 

134 

118 

6 months 

474 

+ 

19 

413 

+ 

10 

141 

105 

C = Control  E = Ethanol 

Effect  of  ethanol  feeding  on  vitamin  A metabolism  was 


studied  in  liver  and  intestine.  Tables  8 and  9 show  the 
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influence  of  chronic  feeding  of  25  percent  ethanol  on  retinal 

oxidase  and  retinal  reductase.  From  the  table  it  is  evident 
that  retinal  reductase  level  in  othanol-fed  rats  is  higher 
only  in  initial  stages  till  one  month.  This  observation  is 
similar  to  th4  findings  of  Dajani  ^ a^.  [1963,  1965]  who 
showed  that  liver  alcohol  dehydrogenase  levels  increased  in 
rats  given  ethanol  as  the  sole  drinking  fluid  for  24  weeks (25 
percent  solution).  This  increase  in  ADH( Alcohol  dehydrogenase) 
activity  was  consistent  with  a corresponding  increase  in  the 
accumulation  of  lipids  in  the  liver. 

Table-8;  Liver  Retinal  Oxidase  and  Retinal  Reductase 


Period  of 

RR  Specific 

Activity 

RO  Specific  Activity 

feeding 

C 

E 

C 

IT 

24  hours 

10.30  + 0.30 

10.42  + 0.24 

13.66  + 0.32 

13.66  + 0.30 

1 week 

10.92  + 0.31 

13.46  + 0.19 

13.40  + 0.72 

14.36  ± 0.33 

1 month 

11.33  + 0.46 

13.02  + 0.24 

12.30  + 0.65 

13.68  + 0.45 

3 months 

11.80  + 1.03 

11.26  i 0.50 

12.40  + 0.36 

13.98  + 0.26 

5 months 

11.41  + 0.23 

9.76  + 0,18 

13.12  + 0.35 

11.25  + 0.34 

6 months 

10.89  + 0.33 

8.07  + 0.25 

13.36  + 0.31 

10.53  i 0.94 

Sp. Activity,  RR  = ng  of  retinol  formed/rag  protein/60 

min. 

RO  = |ig  of  retinal  disepp 

earing/mg  protelri/30  min. 

Table- 

-9:  Hepatic  Retinal  Oxidase  and  Retinal  Reductase 

( I'^le  r^ts) 

Period  of 

RR  Specific 

Activity 

RC  Specific  Activity 

feeding 

C 

E 

C 

E 

24  hours 

10.85  + 1.30 

10.35  ± 1.57 

12.45  t 1.30 

13.70  + 1.33 

1 week 

11.21  + 1.40 

14.33  + 0.82 

13.35  + 0.70 

14.80  + 1.20 

1 month 

11.84  ± 0.31 

11.97  + 1.30 

12.44  t 0.20 

14.53  + 0.27 

3 months 

12.33  + 0.85 

11.66  + 1.10 

12.51  + 0.54 

14.11  ± 0.17 

6 months 

11.48  + 0.90 

7.83  + 0.90 

12.81  + 0.82 

10.21  + 0.30 

RR  = Retinal  Reductase  RO  = Retinal  Oxidase 


Li 
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After  feeding  ethanol  to  rats  for  1 month  the  observed 

• increase  in  ret  inal  reductase  became  apparently  less  and 
after  6 months  of  ethanol  feeding  there  v;as  a significant 
decrease  in  the  enzyme  levels,  .i.  possible  explanation  may  be 
that  apart  from  alcohol  dehydrogenase  which  is  responsible 
for  the  hepatic  oxidation  of  ethanol  to  acetaldehyde,  there 
are  other  enzyme  systems  which  also  carry  out  this  function. 
Lieber  and  Decarli  [1971]  observed  that  there  is  an  adaptive 
increase  in  the  activity  of  hepatic  microsomal  ethanol 
oxidizing  system  after  ethanol  feeding,  with  no  change  in  the 
level  of  alcohol  dehydrogenase,  ^-fter  24  days  of  ethanol 
feeding,  they  even  found  a significant  decrease  in  alcohol 
dehydrogenase  levels  in  liver  of  ethanol-fed  rats.  A decrease 
in  the  retinal  reductase  levels  after  6 months  of  chronic 
ethanol  ingedtion  is  possibly  due  to  the  fact  that  damaged 
liver  cells  may  have  decreased  abil4.ty  to.  form  alcohol 
dehydrogenase,  a.,  similar  decrease  in  the  alcohol  dehydro- 
genase level  was  found  in  rat  liver  [Dajani  et  , 1965] 

• and  also  in  liver  samples  taken  by  biopsy  from  human  alcoholics 
with  cirrhosis  [Figueroa  and  Klotz,  1962].  Fore  recently, 

van  Thiel  e^  a^.[l974]  reported  that  ethanol  inhibited  testi- 
cular retinal  production  and  that  the  relative  vitamin  A 
deficiency  may  be  a factor  in  the  pathogenesis  of  sterility  in 
chronic  alcoholics.  Recent  studies  have  demonstrated  the 
presence  of  alcohol  dehydrogenase  activity  in  the  retina, 
and  have  shown  that  alcoholics  experience  night-blindness 
because  of  competitive  inhibition  of  retinol  formation  by 
ethanol  [Mezey  and  Hold,  1971].  Rats  given  one  dose  of 
ethanol  for  24  hrs.  had  no  changes  in  their  enzyme  activitv. 

These  above  tables  shov;  no  change  in  retinal  oxidase- 

levels. 

Table  10  gives  the  activities  of  intestinal  retinal 
reductase  and  oxidase.  Pro.m  the  table,  it  is  evident  that 

• alcohol  feeding  leads  to  reduced  specific  activities  of 
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these  enzymes,  the  reduction  being  more  pronounced  on 
chronic  feeding. 

Tuble-10;  Intestinal  Retinal  Oxidase  and  Retinal  Reductase 


Period  of 

feeding 

RR  ! 

3pQ 

-cific 

Act i Vi tv 

RO  Specific  Activity 

C 

E 

c 

E 

24  hours 

5.16 

+ 

0.12 

5.49 

+ 

0.22 

5.10 

+ 

0.14 

5.12 

+ 

0.74 

1 week 

5.01 

+ 

0.38 

4.72 

+ 

0.32 

5.16 

+ 

0.32 

4.55 

+ 

0.16 

2 weeks 

5.30 

+ 

0.17 

'U57 

+ 

0.17 

5.33 

+ 

0.11 

4.30 

+ 

0.10 

1 month 

5.37 

+ 

0.10 

5.08 

+ 

0.21 

5.41 

+ 

0.18 

5.04 

+ 

0.10 

5 months 

5.52 

+ 

0.12 

4.50 

+ 

0.17 

5.37 

+ 

0.16 

4.38 

+ 

0.17 

6 months 

5.49 

+ 

0.17 

'1.67 

+ 

0.12 

5.50 

+ 

0.21 

U88 

+ 

0.17 

C = Control  E = Ethanol 


• Thus,  the  findings  of  these  experiments  on  ethanol 

feeding  to  rats  indicate  that  vitamin  A metabolism  in  liver 
is  affected  by  ethanol  intake,  though  perhaps  only  as  a 
second.ary  consequence  of  the  adantation  of  the  animal  to 
the  ingestion  of  high  concentrations  of  ethanol. 
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CHANGES  IN  THE  f^TABOLISM  OF  B -CAROTENE  UHDER  DIFFEREITT 
STRESS  CQNDITICTTS 

It  is  very  well  established  that  carotenoids  serve 
as  precursors  of  vitanin  A in  animals.  The  carotcn'^ids  are 
classified  as  either  biologically  active  or  biologically 
inactive  depending  on  the  ability  to  give  rise  to  vitamin  A. 

The  most  biologically  active  precursor  of  vitamin  A known 
uptil  now  is  p-carotene. 

Moore  [l930]  reported  the  accumulation  of  large 
quantities  of  vitamin  A in  liver  upon  feeding  massive  amounts 
of  carotene  to  rats.  The  first  suggestion  that  the  intestine 
was  involved  in  the  conversion  of  carotene  to  vitamin  A came 
from  Sexton  ^ a^.[l946].  They  observed  that  vitamin  A- 
deficient  rats  survived  on  feeding  small  amounts  of  carotene 
while  the  vitamin  A-deficient  rats  maintained  on  parenteral 
injections  of  colloidal  carotene  died  of  e''iciency.  They 
pointed  out  that  their  results  strongly  suggested  the  intestine 
as  the  site  of  conversion.  Using  uniformly  labelleci 
carotene,  Olson  [196I]  demonstrated  its  conversion  in  rat 
intestine  to  retinol,  retinyl  ester  and  a fraction  chromato- 
graphically  similar  to  retinal. 

In  vivo  studies  with  doubly  labelled  p-carotcne 
[U-^'^C  and  15,15 '^H]  have  clearly  demonstrated  that  it  is 
cleaved  at  the  15 , 15 ' -double  bond  to  two  moles  of  vitamin  A 
[Goodman  et  al^. , 1966  a,b].  Analogous  to  the  use  of 
peroxidative  agents  in  chemical  cleavage  of  carotenoids  to 
retinal  [Barua  and  Barua,  1966,1969],  the  cleavage  of 
P-carotene  by  intestinal  sections  occurs  aerobically.  The 
cleavage  could  not  be  demonstrated  either  anaerobically 
[Olson,  1961]  or  at  low  oxygen  tension  [Karashima,  1964]. 

iE  vitro  studies  with  isolated  enzyme  system  from 
rat  intestine  it  has  been  clearly  demonstrated  that  P-carotene 
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is  cleaved  at  the  15 , 15 ' -double  bond  to  two  moles  of  retinal 
[Olson  and  Hayashi,  1965;  Goodman  and  Huang,  1965;  Goodn&n 
et  al. , 1967].  The  enzyme  systems  like  retinal  oxidase  and 
retinal  reductase  which  can  further  utilige  the  retinal  formed, 
have  also  been  found  to  be  present  in  the  rat  intestinal 
mucosa  [j'fehadevan  et  1962;  Crain  £t  , 1967;  Fidge  and 

Goodman,  1968;  l^offar  ^ gJ,. , 1970].  Carotene  15,15'“ 
dloxygenase  has  also  been  identified  in  the  soluble  non- 
particulate fractions  of  rat  liver  and  kidney  [Olson  and 
Hayashi,  1965].  It  has  been  partially  purified  from  the 
intestinal  mucosa  of  a few  animal  species  [Fidge  e^  al. , 1969; 
Lakshmanan  et  al^.  , 1968,  1972;  Olson,  1969].  The  enzyme  has 
been  sho^vn  to  be  inhibited  by  iron  chelating  agents  and 
sulfhydryl  inhibitors.  The  proper  dispersion  of  the  substrate 
(p-carotene)  is  very  essential  for  its  activity. 

The  above  literature  survey  envisages  a key  role  for 
intestinal  carotene  15 , 15 ' -dioxygenase  in  the  conversion  of 
dietary  carotene  into  vitamin  A.  Hence,  it  became  imperative 
to  study  the  influence  of  environmental  parameters  on  this 
particular  enzyme.  As  this  enzyme  is  present  along  with  other 
enzymes  involved  in  the  vitamin  A metabolism,  like  retinal 
oxidase,  it  is  impossible  to  discern  the  extent  of  conversion 
using  unlabelled  p-carotene  as  substrate.  Hence,  attempts 
were  made  to  purify  carotene  15 , 15 ' -dioxygenase  from  rabbit 
and  guinea  pig  and  to  test  the  extent  of  conversion  and 
relative  specificities  of  this  enzyme  tovjards  0-caroteno  and 
other  substituted  carotenoids.  Attention  was  devoted  to 
investigate  the  influence  of  hypothermia  on  the  absorption  of 
P-carotene  in  rat. 

Partial  purification  and  properties  of  carotene  15.15'- 
dioxygenase  from  guinea  pig  intestines. 

Vitamin  A is  biosynthesized  from  its  carotenoid  orecursors 
and  depending  upon  their  ability  of  transformation  to  vitamin  A 
they  have  been  divided  into  biologically  active  carotenoids  and 
biologically  inactive.  With  a few  exceptions,  biologically 
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active  carotenoids  possess  atleast  one  intact  p-ionone  ring 
and  fully  conjugated  isoprene  side  chain.  P-Garotene  and  its 
various  isomers  like  a-carotone  and  y-carotene,  apo-P- 
carotenals,  5,6-  and  5,8-epoxides  of  p-carotone  and  crypto- 
xanthin  are  transformed  to  vitamin  A in  the  rat  [J^oore,  1957; 
Glover,  I960;  Subbarajran  et  a^,  , 1966;  Jacob  John  et  al. . 

1970;  Jacob  John  and  Gama,  1972],  Anhydrolutein  is  trans- 
formed to  3-dehydrovitamin  A in  chick  [Budovfski  et  al.  , 19631 . 
mouse  [Budowski  and  Gross,  1965],  rat  [Savithry  et  aj. , 1972] 
and  in  fish  [Gross  and  Budowski,  1966],  In  fish  astaxanthin 
0,3 '-dihydroxy  p , p-carotene , 4,4'-dione)  is  converted  to 
retinol  [ Grangaud  ^ > 1962,  1964].  These  studios  indicate 

the  involvement  of  dioxygonase  in  cleaving  these  compounds  to 
vitamin  A.  The  isolated  carotene  15 ,15 '-dioxygenase  from  the 
rabbit  intestinal  mucosa  has  been  shovm  to  cleave  a-,  and  P- 
carotene,  3,4,  3 ' , 4 ' -tetra-dohydro-p , P-carotene  and  few  other 
carotenoids  [Olson,  1969].  However,  our  knowledge  regarding 
in  vitro  cleavage  of  naturally  occurring  ring  substituted 
carotenoids  is  scanty.  Therefore,  vitro  studies  were 
carried  out  to  get  an  insight  into  the  mode  of  transformation 
of  carotenoids  to  vitamin  A.  Here,  the  partial  purification 
of  this  enzyme  from  intestinal  mucosa  of  rabbit  and  guinea  pig, 
its  properties  and  identification  of  products  have  been 
described. 

I><&.terials  and  Methods 

Materials  are  as  described  earlier.  Active  manganese 
dioxide  was  prepared  according  to  the  method  of  Attenburrow 
et  al.(l952).  Monoperphthalic  acid  was  freshly  prepared 
whenever  required  according  to  the  method  of  Bbhme  [1955] 
and  Royals  and  Barrel  [1955]. 

Methods 

Retinal,  3-dehydrorctinal  and  epoxides  of  retinal  were 
estimated  by  TBA  colour  reaction  according  to  Piitterman  and 
Saslaw  [1961].  The  TBA  colour  products  of  these  resP'  ctivoly 
absorb  maximally  at  530,  550  and  470  nm. 
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Preparation'  of  5 .6-epox.y-0-carotene;  The  method  used 
for  the  preparation  and  purification  of  5 ,6-epoxy-p-carotene 
was  the  same  as  reported  by  Subbarayan  ^ al. f 19661 . 

Preparation  of  5t8-epoxy-S-carotene;  It  was  synthe- 
sized from  5 , 6-epoxy-P-caroteno  by  treatment  with  ethanolic-HCl 
It  was  purified  and  crystallized  as  described  by  Jacob  John 
and  Cama  [1972], 

Preparation  of  3 #8. 5 * .8 ' -diepoxy-3-carotene;  5, 6,5', 6'- 
Diepoxy-P-carot ene  was  prepared  by  the  action  of  monoperphthali 
acid  on  P-carotene  according  to  the  procedure  of  Subbarayan 
[1966].  This  compound  on  treatment  with  ethanolic-HCl  resulted 
in  5 ,8, 5 ' ,8 ' -diepoxy-P-carotene . 

Preparation  of  5 .o-epoxy-g-carotene;  5,6-Epoxy-a- 
carotene  was  synthesized  according  to  the  method  of  Kishore 
et  ^.[1970]. 

Preparation  of  5 ,8-epoxy-a-carotene;  5,8-Epoxide  of 
a-carotene  W9.s  prepared  by  treating  5,6-epoxide  with  ethanolic- 
HCl.  The  method  of  Kisore  et  ^,[1970]  was  used  to  purify 
this  compound. 

Isolation  and  purificat ion  of  lutein  and  anhydrolut ein : 
Leaves  of  Tecoma  stans  were  used  as  a source  for  the  isolation 
of  lutein.  The  method  of  Savithry  et  a^.  [1972]  was  employed 
to  purify  lutein  and  prepare  anhydrolutein. 

Purification  of  carotene  15 . 15  * -dioxygenase  from 
guinea  pig  and  rabbit  intestine. 

1.  Preparation  of  crude  extract;  Two  adult  guinea  pigs 
(weighing  about  one  kg  each)  were  killed  by  giving  a blow  on 
the  head.  The  intestine  was  removed  quickly  and  washed  with 
cold  saline  solution.  it  was  cut  open  along  the  mesenteric 
line  and  the  mucosa  was  carefully  removed.  The  mucosal 
scrapings  were  homogenized  in  a Potter-Elveh j cm  homogenizer 
in  8 volumes  of  O.IM  potassium  phosphate  buffer  (pH  7.8). 

The  homogenate  was  centrifuged  at  20,000xg  for  15  min.  The 
precipitate  was  discarded  and  the  supernatant  was  designated 
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as  crude  extract.  The  crude  extract  contained  10-12  mg 
of  protein/ml. 

2.  Treatment  with  protamine  sulnhate:  The  crude  extract 
was  subjected  to  protamine  sulphate  treatment  to  remove  the 
nucleic  acid  material  from  the  preparation.  For  every  8.0  ml 
of  crude  extract  0.1  ml  of  2 percent  protamine  sulphate  was 
added  slowly  by  gentle  stirring.  After  10  min. , the  preci- 
pitate was  removed  by  centrifugation  at  20,000xg  for  10  min 
and  the  supernatant  was  processed  further. 

3.  Ammonium  sulphate  fractionation:  Carotene  15,15'- 
dioxygenase  from  protamine  sulphate  supernatant  was  purified 
by  ammonium  sulphate  fractionation.  The  supernatant  was 
saturated  to  25  nercent  with  (NH^)230^  and  the  precipitate 
formed  within  15  rain  was  centrifuged  at  20,000xg  for  10  min. 

The  saturation  of  the  sunernatant  was  raised  to  55  percent 
by  the  addition  of  solid  (NH^)2S0_^  with  gentle  stirring. 

After  30  rain.,  the  -Drecipitate  was  centrifuged  at  20,000xg 
for  10  min.  Carotene  15 , 15 ' -di oxygenase  activity  was  found 
in  the  (NH^)2S0^  precipitate  (25-55  percent).  This  precipi- 
tate was  designated  as  (NH^)230^  nellet.  The  enzyme  could 
be  stored  as  (NH|^)2S0^  pellet  at  -20'^C  for  a considerable 
period  of  time  without  appreciable  loss  of  activity. 

4.  Acetone  fractionation;  The  (NH^)230^  pellet  was 
dissolved  in  O.IM  potassium  phosphate  buffer  (pH  7.8)  to  give 
a final  protein  concentration  of  13-14  mg/ml  chilled  acetone 
(-20°C)  was  added  to  it  to  obtain  the  final  concentration  of 
acetone  to  45  percent.  Thi.  mixture  was  i immediately  centri- 
fuged at  10,000xg  for  one  rain,  at  -10°C.  The  precipitate  was 
designated  as  0-45  percent  acetone  precipitate  and  found  to  be 
devoid  of  carotene  15 , 15  ' -dioxygenase  activit3’-.  The  precipi- 
tate was  discarded  and  tne  protein  from* 45  percent  acetone 
supernatant  was  precipitated  further  by  the  addition  of  chilled 
acetone  (-20°C)  to  increase  the  final  concentration  of  ac<^tone 
65  percent.  The  precipitate  was  centrifuged  at  10,000xg  for 
one  rain,  at  -10°C. 
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The  precipitate  obtainecl  at  this  step  contained  carotene 
* 15 , 15 ' -dioxygonase  activity.  It  was  immediately  dissolved  in 

O.IM  tris-HGl  buffer  (pH  3.5)  and  centrifuged  at  20,000xg  for 
j 10  rain  to  remove  thgfn soluble  proteins.  The  clear  supernatant 

was  used  for  all  studies. 

The  carotene  15,15 '-dioxygenase  from  rabbit  intestine  j 

in  a similar  fashion,  was  studied. 

Estimation  of  protein;  Protein  was  estimated  according 
to  the  method  of  Lowry  et  a^.[l95l]  using  bovine  serum  albumin 
as  standard. 

Dispersion  of  substrates;  The  substrates  used  for  enzyme 
reaction  were  first  dissolved  in  light  petrol.  To  this  0.1  ml 
of  rween-20  was  added/200  nmoles  of  substrates.  The  solution 
was  evaporated  iinder  nitrogen.  Adequate  volume  of  glass 
distilled  water  was  added  to  make  the  final  concentration  of 
j substrates  to  200  nmoles/ml.  The  substrates  were  then  finely 

i dispersed  in  water  by  sonication  for  2 min. 

1 , 

5.  Assay  of  carotene  15.15 '-di oxygenase  activity:  All  the 
conditions  of  this  enzyme  activity  were  standardized  using 
p-carotene  as  the  substrate. 

The  incubation  mixture  consisted  200  nmoles  of  substrate, 

‘ —I 

, 10  mg  of  GSH,  1 X 10  'I'"  of  ferrous  ammonium  sulphate  (final 

\ concentration),  10  ml  of  O.IP'I  fcris-HCl  buffer,  pH  7.8  for 

assay  of  rabbit  enzyme  and  pH  8.5  for  guinea  pig  enzyme,  5-15  rag 
of  enzyme  protein  and  the  total  volume  of  incubation  mixture 
was  always  made  upto  25  ml  with  glass  distilled  water.  The 
reaction  was  initiated  by  the  addition  of  enzvme.  An  enzyme 

• blank  was  taken  as  control  for  each  substrate  tested.  The 
incubation  was  carried  out  in  amber  coloured  flasks  100  ml  at 

I 37°C  for  3 hrs.  in  the  dark.  After  the  incubation  period,  the 

reaction  was  stopped  by  the  addition  of  25  ml  of  acetone.  The 
reaction  mixture  was  extracted  thrice  with  50  ml  aliquots  of 
j * • other.  The  ethereal  extract  was  washed  with  water,  dried  over 

* anhydrous  sodium  suphatc,  evaporated  under  reduced  pressure. 
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It  is  redissolved  in  light  petrol  and  the  product (s)  was 
separated  from  their  corresponding  substrate. 

Unit  of  enzyme  activity;  One  unit  of  enzyme  activity 
is  defined  as  the  amount  of  protein  required  to  catalyze  the 
formation  of  one  nmole  of  rotinal/hr.  under  standard  assay 
conditions . 

Specific  activity;  It  is  expressed  as  units  of 
activity/mg  of  protein. 

Assay  of  enzymes  capable  of  degrading  the  product 
formed  (retinal);  Since  the  product  formation  was  taken  as 
the  parameter  of  dioxygenase  activity,  other  enzymes  for 
which  retinal  can  serve  as  the  substrate  were  checked  by 
assaying  retinal  disappearance  by  the  different  purified 
preparations  of  dioxygenase  from  guinea  pig.  The  standard 
assay  conditions  for  disappearance  of  retinal  were  the  same 
as  described  for  carotene  dioxygenase  enzyme  except  that  the 
reaction  was  carried  out  for  1 hr.,  i.e.,  the  linear  range 
of  this  enzvme  activity.  A total  reaction  mixture  of  2.5  ml 
consisted  of  100  nmoles  of  retinal  (dissolved  in  0.1  ml  of 
ethanol),  1.0  mg  of  GSH,  0.5  ml  of  enzyme  preparation,  1.0  ml 
of  O.IM  tris-HCl  buffer  (pH  8.5  for  guinea  pig  enzyme  and 
pH  7.8  for  rabbit  enzyme)  and  total  volume  was  made  upto  2.5  ml 
with  glass  distilled  water.  An  enzyme  blank  was  taken  as  the 
control  for  every  reaction  mixture.  After  an  incubation 
period  of  1 hr,  at  37°C  the  reaction  was  stopped  by  the 
addition  of  2.5  ml  of  ethanol.  One  ml  aliquot  was  taken  for 
the  estimation  of  retinal  by  TBA  method.  The  difference 
between  the  amount  of  retinal  present  in  blank  and  in  experi- 
m.ent  was  taken  as  the  amount  of  retinal  disappeared. 

Unit  of  activity;  One  unit  of  enzyme  activity  is 
defined  as  the  amount  of  protein  required  to  catalyze  the 
disappearance  of  one  nmole  of  retinal/hr.  under  tiie  assav 
conditions  described. 

Specific  activity:  It  is  expressed  as  units  of  enzvnjc 


activity/mg  of  protein. 
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• Separation  and  characterization  of  reaction  products; 
After  the  reaction  was  stopped  with  acetone,  the  reaction 
mixture  was  extracted  thrice  with  ether,  dried  over  anhydrous 
sodium  sulfate,  evaporated  to  dryness  in  vacuo.  It  was 
redissolved  in  a small  volume  of  petrol  and  applied  quanti- 
tatively on  thin  layer  chromatography  (t.l.c.)  plates  coated 
with  basic  alumina.  The  authentic  samples  of  expected  products 
were  also  spotted  side  by  side  and  the  plate  was  developed 
using  3 percent  (v/v)  acetone  in  light  petroleum.  The  area 
corresponding  to  the  expected  products  was  then  scraped  from 
t.l.c.  plates,  extracted  with  acetone  and  evaporated  to 
dryness  in  vacuo . It  was  redissolved  in  light  petroleum  and 
their  spectra  were  recorded  on  Cary-14  Recording  Spectro- 
photometer. The  absorption  maxima  of  reaction  products  in 
light  petroleum  were  represented  in  Table-1. 

The  reaction  products  were  further  characterized  as 
their  corresponding  alcohols.  The  isolated  products  were 

• treated  with  LiAlH^  at  -10°  for  five  min  in  ether  solution. 

The  reaction  was  stopped  by  the  addition  of  ice-cold  water. 

The  ether  extract  X'TSs  evaporated  to  dryness,  redissolved  in 
light  petroleum  and  spectra  or?  reaction  products  were  recorded. 
The  absorption  maxima  (in  light  petroleum)  of  the  products 
after  reduction  with  LiAlH^  are  also  given  in  Table-1. 

The  reaction  products  separated  on  t.l.c.  were 
dissolved  in  spectroscopic  ethanol  (l  ml)  and  reacted  with 
thiourea  (1  ml)  and  TBA  reagent  (1  ml).  The  color  was 
developed  at  room  temnerature  in  dark  for  30  min  and  the 
spectra  of  TBA  complexes  were  also  recorded.  The  absorption 
maxima  of  TBA-coraplexes  with  different  products  are  given  in 
Table-1.  Retinal,  a-retinal,  5,6-  and  5,8-epoxides  of  retinal, 
3 -hydroxy retinal  and  3-dehydroretinal  ’were  thus  identified 
as  enzymatic  products  when  their  corresponding  substrates 
. were  used. 

Q’uantitative  estimation  of  reaction  products;  The 
product(s)  formed  from,  various  carotenoids  was  quantitatively 


ryptoxanthin  370  365  328  325  530  530  Retinal  3-Hydroxy- 

retinal 


The  compounds  were  incubated  with  the  enzyme  (from  final  purification  step)  under  standard  assay 
conditions  and  the  products  were  isolated  and  processed  as  described  in  the  text. 
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separated  over  3 percent  (v/w)  water-deactivated  neutral 
alumina  (10  g)  column  (lx  12  cm).  The  column  was  first 
standardized  using  the  authentic  samples  of  substrates  and 
their  expected  products.  The  method  employed  for  the  sepa- 
ration of  substrates  and  their  products  is  briefly  described  ap 
follows : 

1.  3-Carotene  from  retinal.  p-Carotenc  was  eluted  with 
light  petroleum  (25  ml)  follo’,.'ed  bv  the  elution  from  the 
column  using  5 percent  (v/v)  diethylether  in  light  petroleum 
(25  ml). 

2.  g -Carotene  from  a -retinal  and  retinal;  g-Carotene  was 
eluted  with  light  petroleum  (25  ml)  followed  by  the  elution  of 
the  products  retinal  and  g-retinal  with  25  ml  of  5 nercent 
(v/v)  diethylether  in  light  petroleum. 

3 . 5 . 6-epoxy-3-carotene  from  retinal  and  5.6-epoxy- 
retlnal;  5 ,S-Epoxy-3-carotene  was  eluted  first  with  50  ml 
of  light  petroleum.  Afterwards  retinal  was  eluted  with 

5 percent  (v/v)  diethylether  in  light  petroleum  (25  ml)  and 
5 ,6-epoxyretinal  with  8 percent  (v/v)  diethylether  in  light 
petroleum  (25  ml). 

4 . 5 .S-Epoxy-B-carotene  from  retinal  and  5.8-epox.v- 
retinal ; 5 ,8-Eooxy-P-carotene  was  eluted  from  alumina  column 
with  light  petroleum  (50  ml)  followed  by  retinal  with  25  ml  of 
5 percent  (v/v)  diethylether  in  light  petroleum  and  5,8- 
epoxyretinal  with  25  ml  of  10  percent  (v/v)  diethylether  in 
light  petroleum. 

5 . 5 .8. 5 ' .8 ' -Diepoxy-B-carotene  from  5 .8-epoxyretinal : 
5,8,5 ' ,8 '-Diepoxy-|3-carotene  was  eluted  from  alumina  column 
with  2 percent  (v/v)  diethylether  in  light  petroleum  (25  ml). 

It  was  followed  by  elution  of  5 ,S-epoxvretinal  with  10  percent 
(v/v)  diethylether  in  light  petroleum. 

6 . 5 . 6-Epoxy-g-carot ene  from  g-retinal  and  5. 6-epoxv- 
g-retinal ; 5 , 6-Epoxy-g-carotene  was  eluted  from  the  column 
with  light  petroleum  (50  ml),  g-retinal  being  eluted  with 

5 percent  (v/v)  diethylether  in  light  petroleum  (25  ml)  and 
5 ,6-epoxyretinal  with  8 percent  (v/v)  diethvlether  in  light 
petroleum  (25  ml). 


5 percent  (v/v)  diethylether  in  light  petroleum  and  5,8- 
epoxyretinal  with  25  ml  of  10  percent  (v/v)  diethyl  ether  in 
light  petroleum. 

8.  Oryptoxanthin  from  retinal  and  3-hydroxvretinal;  25  ml 
of  5 percent  (v/v)  diethylether  in  light  petroleum  were  used 

to  elute  retinal.  3-Hydroxyrctinal  was  eluted  with  25  ml  of 
30  percent  (v/v)  diethylether  in  light  petroleum  and  crypto- 
xanthin  with  10  percent  (v/v)  acetone  in  light  petroleum. 

9.  Anhydrolutein  from.  3-dehvdroretinal  and  3-h.vdroxy- 
retinal;  3-Denydroretinal  was  eluted  v/ith  25  ml  of  5 percent 
(v/v)  diethylether  in  light  petroleum,  3-hydroxyretinal  with 
25  ml  of  30  percent  (v/v)  diethylether  in  light  petroleum  and 
anhydrolutein  with  10  percent  (v/v)  acetone  in  light 
petroleum  (25  ml). 

10.  8 ' -Apo-g-carotenyl  acetate  from  retinal;  S'-Apo-g- 
carotenyl  acetate  was  eluted  from  the  column  with  2 percent 
(v/v)  diethylether  in  25  m.l  of  light  petroleum  followed  by 
elution  with  25  m.l  of  2 percent  (v/v)  diethylether  in  light 
petroleum.  Retinal  was  obtained  by  elution  with  25  ml  of 

5 percent  (v/v)  diethylether  in  light  petroleum. 

11.  Separation  of  apo— 3-carotenals  from  retinals;  Retinal 
was  separated  carefully  from  apo-g-carotenals  on  alumina 
column.  Elution  of  retinal  v;as  carried  out  first  by  using 

25  ml  of  5 percent  (v/v)  diethylether  in  light  petroleum. 
Apo-g-carotenals  were  eluted  with  8-10  percent  (v/v)  diethyl- 
ether in  light  petroleum. 

12.  Apo-g-carotenols  from  retinal;  5 Percent  (v/v) 
diethylether  was  used  to  elute  retinal  from  the  column  and 
this  was  followed  by  elution  V7ith  apo-g-carotenols , viz., 

8'-,  10'-  and  12'-  with  30  percent  (v/v)  diethylether  in 
light  petroleum. 


For  quantitative  estimation  of  products  formed,  the 
retinal  and/or  a-rctinal  fractions  were  tak(.n,  evaporated  tO'. 
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dryness  and  dissolved  in  known  volume  of  ethanol  and  their 
concentration  was  estimated  bv  PBA  method  excepting  when 
5 , 8 , 5 ' ,8  ' -diepoxy-jB-carotene  and  anhydrolutein  were  used  as 
substrates,  in  which  case  5 ,8-epoxyretina 1 and  3-dehydro- 
retinal,  respectively  were  separated  and  estimated  by  TBA 
method  by  reading  the  color  at  470  and  550  nm.  The  total 
concentration  of  product  formation  (in  terms  of  retinal)  from 
various  substrates  in  comparison  to  p-carotene  was  calculated 
by  using  appropriate  corrections  in  each  case. 

RESULTS 

Purification  of  Carotene  15, 1 5_'  -dioxygenase  from  guinea  pig 
and  rabbit  intestine. 

Carotene  15 , 15  * -dioxygenase  enzyme  from  the  intestinal 
mucosa  o:'’  guinea  pig  was  partially  purified  and  the  results 
of  different  purification  steps  are  shown  in  Table-2.  A 
purification  of  38-fold  over  the  crude  enzyme  activity  was 
achieved  with  277  percent  recovery.  Following  a similar 
procedure  the  enzyme  from  rabbit  was  purified  to  about 
30-fold  with  200  percent  recovery. 

Table-2 : Summary  of  purification  of  carotene  15.15' - 
dioxygena se  from  guinea  pig  intestine. 


Step 

No. 

Treatments 

Total 

protein 

(rag) 

Total 

acti- 

vity 

Specific 

activity 

Fold  purl' 
fication 

1 

Crude 

945.0 

160.5 

0.17 

1.  0 

2 

Protamin  sulphate 
supernatant 

765.0 

751.7 

0.33 

1.9 

3 

Ammonium  sulphate 
fractionation 
(25  - 55  percent) 

571.0 

224.4 

0.39 

2.3 

4 

Acetone 
precipitation 
(45  - 65  percent) 

68.8 

445.6 

6.48 

37.8 

5.0  ml  of  enzyme  protein  from  each  step  of  purification  was 
incubated  with  |3-carotene  under  the  standard  assay  conditions 
and  the  activity  was  determined  by  estimating  the  amount  of 
retinal  formed. 
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Disappearance  of  retinal  by  prc-pr.  rat  ions  at  different  stops 
of  carotene  15 , 15 ' -di oxygenase  purification. 

To  conclusively  exclude  the  possibility  of  further 
utilization  of  retinal  formed  by  the  action  of  carotene  15, 
15 ' -dioxygenase  on  carotenoids,  the  disappearance  of  retinal 
by  the  enzyme  preparations  taken  from  different  steps  of 
purification  was  followed.  Results  are  shovm  in  Table-3. 

Table-3 : Disappearanc e of  retinal  by  preparations  taken  at 

different  steps  of  purification  of  carotene  15,15'- 
dioxygenase  from  guinea  pig  intestine*. 

Treatment  Specific  activity 


Crude 

20.0 

Protamine  sulphate  supernatant 

14.2 

Ammonium  sulfate  fractionation 
(25-55  percent) 

12.2 

Acetone  precipitation^ 

(0-45  percent) 

24.0 

Acetone  precipitation 
(45-65  percent) 

0 

Acetone  precipitation 

(45-65  percent)  from  rabbit  intestine  0 


6 The  fraction  contained  1,3  rag  of  protein/ral  in  total 
volume  of  30  ml. 

Each  preparation  was  incubated  with  retinal  as  described 
in  the  text  and  the  disapperanco  of  retinal  was  estimated. 

It  is  evident  from  the  Table,  that  there  was 
disappearance  of  retinal  in  crude  extract  which  decreased  at 
subsequent  steps  of  purification.  It  is  interesting  to  note 
that  the  retinal  disappearing  activitv  was  totally  absent  in 
the  final  preparation  containing  carotene  15 , 15 ' -dioxygenase . 
In  the  case  of  enzyme  in  rabbit  intestinal  mucosa,  the  same 
procedure  yielded  a final  preparation  which  was  devoid  of 
retinal  disappearing  activity  (rablo-3). 


from  guinen  pig. 


Effect  of  time;  Tine-coursc  of  carotene  1'3 , 15  ' -di oxyge- 
nase enzyme  with  p-caroteno  as  substrate  shows  that  the  reaction 
is  linear  upto  3 hr.  and  reaches  plateau  stage  v^ithin  4 hr. 
(Eig.l).  In  all  studies,  an  incubation  period  of  3hrs.  has 
been  chosen  for  the  assay  of  the  enzyme  activity. 

Effect  of  nH;  The  influence  of  pH  on  the  enzvrae  activity 
in  the  range  of  6.0-10.0  is  given  in  Fig. 2.  The  buffers  used 
for  pH  ranges  are  as  follovjs: 

0. IM  potassium  phosphate  buffer  for  pH  6. 0-7.5 
O.IM  Tris-HCl  buffer  pH  7. 5-9.0 

O.IF  Carbonate-Bicarbonate  buffer  pH  9.0-10.0 
The  optimum  pH  for  the  reaction  is  8.5.  The  pH  curve  shows 
the  bell-shaped  nature.  A decrease  of  5 0 percent  in  enz5nTie 
activity  is  noticed  at  pH  7.5  and  9.2. 

Substrate  concentration;  Pig. 3 depicts  the  effect  of 
varying  amount  of  p-carotene  on  the  enzyme  activity.  The 
activity  exhibits  a linear  relationship  upto  the  substrate 
concentration  of  200  nmoles/reaction  mixture  and  a plataeau 
stage  is  observed  at  higher  concentrations.  Therefore, 

200  nmoles  of  substrate  was  employed  for  the  enzyme  assay. 

Km  for  p-carotene  of  9.5  x lO”^!!  and  Vmax  of  3.3  nmoles  of 
retinal  formed/mg  protein/hr. (Pig. 4) . 

Effect  of  pi’otein  concentration;  The  enzyme  activity 
shows  linearity  upto  the  protein  concentration  of  25  mg/ 
reaction  mixture. 

Effect  of  sodium  dodesyl  sulfate  (3DS);  The  effect  of 
SDS  from  concentrations  of  0-40  mg/incubation  mixture  on  the 
enzyme  activity  was  tested.  Tablc-4  represents  the  influence 
of  SDS.  It  is  evident  that  increasing  concentrations  of 
detergent  results  in  the  inactivation  of  the  enzvmc. 

Effect  of  reduced  glutathione  (GSH);  Table-5  shows  that 
activity  incrcaes  with  increasing  concentration  of  rodxiced 
glutathione.  A concentration  of  10  mg/reaction  mixture  of  GSII 


Tira  (FIN.) 


pw 


Fig.l:  (a)  TIME  COURSE;  (b)  pH  CTTRVE;  (c)  SBSTRATE  S/iT^mATTOJJ 
CURVE  AND  (d)  LINEWEAVER-BURK  PLOT 
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causing  a 4.7-fold  increase  in  the  basal  activity  has  been  used 
throughout  this  study. 

Effect  of  iron  concentration;  Iron,  which  is  known  to 
be  the  sole  cofactor  ot  dioxygenase  enzyires,  vms  tested  in 
carotene  15 ,15 ' -di oxygenase  isol.ated  from  guinea  pig  and  the 
results  are  depicted  in  'fable-5.  Iron  in  the  ferric  state 
( Pe’*"*"''’ ) was  foiind  to  be  ineffective.  Surprisingly,  a 
stimulatory  effect  was  exhibited  by  iron  in  Pe'*”^  state.  The 
enzyme  was  activated  with  supplementation  of  ?e  and 
maximally  at  1 x 1C  M final  concentration  of  Pe  (approxi- 
mately  6-fold).  Concentrations  higher  than  1 x 10  ¥ (final 

concentration)  resulted  in  a decrease  in  enzyme  activity. 

Enzyme  activity  v/as  decreased  by  60  percent  when  Pe"*"*^ 

-3  -3 

concentration  was  raised  by  1 x 10  to  4 x 10  M. 

Table-4 ; Effect  of  sodium  dodecyl  sulfate  (SDS)  on  the 
activity  of  carotene  15 , 13 ' -dioxygenase  from 
guinea  pig  intest ine . 


Concentration 

(mg) 

Specific  activity 

Percent  activity 

0 

1.60 

iOO 

5 

1.59 

59 

10 

1.18 

70 

20 

0.56 

35 

30 

0.21 

13 

40 

0.07 

4 

The  reaction  was  carried  out  under  standard  assay  conditions 
using  5.0  mg  of  enzyme  protcin/rca.ction  mixture.  The 
enzyme  (ftom  final  purification  stop)  was  incubated  with 
different  concentrations  of  the  detergent  (SDS)  prior  to  the 
addition  of  the  substrate.  The  product  (retinal)  was 
separated  from  the  substrate  (P-carotone)  by  column  chromato- 
graphy over  alumina  and  estimated  by  the  method  of  TBa. 
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Table-5 ; Effect  of  reduced  glutathione  (OSH)  on  carotene  15, 
15 ' -di oxygenase  from  guinea  pig  intestine. 


Concentration 

(mg) 

Specific  activity 

Percent  activity 

0 

0.34 

100 

10 

1.60 

471 

20 

1.81 

532 

30 

2.50 

735 

40 

2.85 

838 

The  final  enzyme  preparation  was  preincubated  for  5 min  with 
different  concentrations  of  GSH  and  reaction  was  started  by 
the  addition  of  substrate  ( P-carotene) . ihe  activity  was 

estimated  under  standard  assay  conditions  using  5.0  mg  of  the 
enzyme  protein/reaction  mixture.  The  product  (retinal)  was 
separated  from  the  substrate  (p-carotene)  by  column  chromato- 
graphy over  alumina  and  estimated  by  the  method  of  TEA. 


Table-6 ; Effect  of  iron  (Fe'^ and  Fc*^ 

dioxygenase  from  guinea  pig 


I on  carotene  15 , 15  - 
:estine . 


Supplement 

Final  con- 
centration 

Specific 

activity 

Percent 

activity 

Ferric  sulfate 

0 

0.57 

100 

0.1 

X 

10"^  M 

0.55 

96.8 

0.5 

X 

10“^  M 

0.52 

91.2 

1.0 

X 

10“^  M 

0.56 

98.3 

Ferrous  ammonium 

0 

0.57 

IOC 

sulfate 

0.1 

X 

10“^  M 

0,84 

147 

0.5 

X 

10“' M 

2.02 

354 

1.0 

X 

10“^  M 

3.33 

584 

2.0 

X 

10”^  M 

2.86 

502 

3.0 

X 

10“^  M 

2.13 

374 

4.0 

X 

10“^  K 

1.35 

237 

The  enzyme  was  preincubated  with  the 

metal  ion  for 

5 rain , 

before  the  addition 

of  the 

substrate 

( P-carotene) . 

React i on 

was  carried  out  under  standard  assay  conditions  using  5.0  mg 
of  enzyme  protein/reaction  mixture.  Retinal  (product)  was 
separated  from  the  substrate  by  colurm  chromatography  over 
alumina  and  the  concentration  of  retinal  was  estimnte(3  by  the 
method  of  TB/. . 


J 




41 

Effect  of  iron  chelating  p.nd  sulfh.ydryl  bindinis:  agents : 

The  partially  ourificd  carotene  15 , 15  ' -dioxyis^enaso  is 
susceptible  to  iron  chelating  agents  like  a , a-dipyridy 1 and 
1,10-phenanthroline  at  1 x 10”''^]':  (final  concentration)  inhibt 
the  enzyme  to  60  percent  and  75,  respectively  is  shotm  in 


Table-7.  Similarly,  sulfhydryl  binding  agents,  viz., 
p-chlororaercuribenzoate  (pCr©),  iodoacetatc  and  N--ethyl- 
maleimide  inactivated  the  enzyme. 

Stoichiometry  of  the  r£.action:  The  reaction  catalyzed 
by  enzyme  from  guinea  pig  intestinal  ’riucosa  is  strictly 
stoichiometric.  There  is  formation  of  2 moles  of  retinal 
upon  utilization  of  one  mole  of  p-carotcnc  vrhen  the  concen- 
trations of  the  enzyme  protein  is  varied  from  6.0-24.0  mg 
as  shown  in  Table -8. 

Comparison  of  carotene  15 . 15  ' -dioxyi°:'--nase  from  guinea 
pig  and  rabbit:  Enzyme  isolated  from  the  intestine  of  giiinea 
pig  and  rabbit  showed  ri.:markable  similarities  with  respect  to 
time-course,  iptimal  substrate  concentration,  actitntion  by 
Fe'*”''  and  GSH,  inhibition  by  SDS,  iron-chelating  agents  and 
sulphydryl  binding  agents.  The  only  distinctive  property 
observed  was  that  of  the  optimal  activit,y.  Rabbit  enzyme  has 
an  optimum  pH  of  7.8  vihile  that  of  guinea  pig  has  at  8.5. 

Identification  of  reaotion  products  fr ora  different 
ca  rot  en  old  sub  stratus:  When  dlf-^orcnt  carotenoids  were  used 
as  substrates  for  carotene  15 , 15  ' -dioxygonaso , the  prod\icts 
formed  were  isolated,  purified  and  characterized.  The 
chemical  identiti'S  of  retinal,  u-retinal,  5-doiiyd  ^o^■>  tinal , 
5,6-  and  5,8-opoxides  of  retinal  and  5-hydroxyrctinal  -./cro 
established  by  their  identic?,!  absorption  spectra,  with  thgt  of 
synthetic  compounds  in  light  petroleum.  Pig.  5 represoiits  tlio 
absorption  specti-a  of  thw'  products.  The  absorption  maxima 
of  isolated  products,  their  corresponding  oJ  coliois  as  W(  11 
as  their  TEA  complexes  are  given  Table-1. 


Substrate  specificity  of  carotene  15 . 15 ' -di oxygoniso  of 
fliiinea  pig  and  rabbit:  The  substrate  specificity  of  this  enzyme 


3crD 


33.  C) 


Fig. 2:  ABSORPTION  SPECTRA  OF  REACTION  PRODUCTS  IN  LIGHT 
PETROLEUM:  (0)  3-DEHYDRORETINAL,  (A)  3-HYDROXY- 
RETINAL  AND  RETINAL,  (A)  a-Retinal,  ( 6>  ) 5,6- 
EPOXY-RETINAL  AND  (a)  5 , 8-EPOXYRETINAL. 


is  represented  in  Table-9.  p-Carotene  is  found  to  be  the  most 
active  substrate  for  the  enzyme  from  both  the  sources. 
Carotenoids  with  modification  in  P-ionone  ring  such  as 
a-carotene,  5,6-  and  5,8-epoxides  of  a-  and  p-carotenes,  5,8, 

5 ' ,8 '-dienoxy-p-carotene,  cryptoxantl.in  and  anhydrolutein  are 
poor  substrates  as  compared  to  p-carotene,  zeaxanthin  and  lutein 
are  not  cleaved. 

The  enzyme  showed  an  interesting  behaviour  towards 
apocarotenoids.  It  can  cleave  apo-p-carotenoic  acids.  5,6- 
and  5,8-Epoxides  of  8'-  and  12 ' -apo-p-carotenals , 5,6-  and 
5,8-epoxides  of  8 ' -apo-p-carotenyl  acetate,  3-acetoxy  and 
3-hydroxy-8 ' -apo-p-carotenals  are  not  attacked  by  the  enzyme. 
Amongst  apo-P-carotenals  and  apo-p-carotenols , the  enzyme 
shows  maximum  activity  with  10' -apo-P-carotenal  and  10'- 
apo-p -caret  enol. 

Table-7 : Inhibition  of  carotene  15 . 15 ' -di oxygenase  from  guinea 
pig  intestine  by  iron  chelating  a nd  sulfhydrvl  binding 


agents. 

Supplement 

Final  con- 
centration 

Pei'cent 

inhibition 

a, a '-Dipyridyl 

10“^  M 

60.  0 

1, 10-Phenanthroline 

9 9 

75.0 

lodoacetate 

9 9 

65.4 

N-Ethylmaleimide 

f 9 

81.5 

p-Chloromercuri benzoate 
(pCM3) 

9 9 

85.2 

The  reaction  was  carried  out  under  standard  assay  conditions. 
The  enzyme  (5.0  mg)  (from  last  purification  step)  was 
incubated  for  5 min.  with  different  inhibitors  prior  to  the 
addition  of  substrate  ( p-carotene ) . Retinal  was  separated 
from  P-carotene  by  column  chromatography  and  estimated  by 
TBA  method.  The  results  are  expressed  as  the  percentage  of 
activity  inhibited  as  compared  to  control. 


Table-8;  Stoichiometry 

of  carotene  15, 

15 '-di oxygenase 

reaction  from 

guinea  pig  inte 

Stine . 

Enzyme  protein/ 

P-Carotene 

Retinal 

reaction  mixture 
(rag) 

utilized 

formed 

6.0 

10.5 

20.5 

9.0 

16.4 

33.5 

12.0 

24.0 

46.0 

15.0 

30.  0 

59.5 

24.0 

40.0 

78.  0 

p-Carotne  (200  nmoles)  was  incubated  with  increasing 
concentrations  of  the  enzyme  (from  last  purification  step' 
under  standard  assay  conditions.  p-Oarotene  and  retinal 
were  separated  by  column  chromatography  over  alumina  and 
estimated.  Retinal  was  estimated  by  TBA  method,  whereas 
the  concentration  of  P-carotene  was  estimated  by  recording 
optical  density  at  450  nm. 

(El  in  light  petroleum  = 2500).  The  results  are  expressed 
as  nmoles  of  substrate  disappearance  and  product  formation, 

DISCUSSION 

Carotene  15 , 15 ' -dioxygenase  isolated  from  the  intestinal 
mucosa  of  guinea  pig  ard  rabbit  has  been  nartially  purified  by 
38-  and  30-folds,  respectivel3'-.  The  enzyme 'at  the  final 
purification  step  was  found  to  be  free  of  other  enzyme 
activities  responsible  for  further  degradation  of  the  product 
(retinal),  which  results  in  increase  in  total  enzyme  activity. 
A similar  increase  in  carotene  15 , 15  ' -dioxjfgenase  activity 
during  purification  from  rabbit  intestinal  mucosa  was  also 
reported  by  Lakshmanan  eib  aj..(1972)  which  was  attributed  to 
the  removal  of  endogenous  inhibitor. 

The  reaction  catalyzed  by  the  guinea  pig  enzjrme  is 
strictly  stoichiometric  with  two  moles  of  retinal  formation 
per  mole  of  p-carotene  disapnea ranee.  The  guinea  pig  enzyme 
has  Km  for  P-carotene  of  9.5  x 10“^M  and  Vmax  of  3.3  nmoles 
of  retinal  formation  per  rag  protein  per  hr.  In  comparison, 
the  27-fold  purified  hog  intestinal  enzyrae  lias  Km  for 
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P-carotene  of  1.3  x 10~  fT  and  Vmax  of  0.8  nmole  of  p-carotene 
cleaved/mg  protein/hr.  at  37'^C  (Fidge  e;t  aj..  ,1969);  the  2 to 
4-fold  purified  rat  intestinal  ensvne  has  a Km  of  3 x 10’’^M 
for  p-carotene  and  a Vmax  of  0.57  nmoles  of  P-carotene  cleaved 
per  mg  protein/hr.  at  37^0  ( Q-oodman  et  al.  ,1967). 

The  properties  of  carotene  15 > 15 ' -dioxygenase  from  | 

both  the  animal  species  exhibited  remarkable  similarities 

++ 

being  stimulated  by  G-SH  and  Fe  and  inhibited  by  iron  chelating 
and  sulfhydryl  binding  agents.  Rat  di oxygenase  is  stimulated 
by  3DS  (Goodman  et  al.,1967)  while  SDS  inhibits  guinea  pig, 
rabbit  and  hog  enzyme.  Activation  of  the  rabbit  and  guinea 
pig  enzymes  at  low  concentrations  of  Fe"*"^  and  unusual  pattern 
of  activation  at  higher  concentrations  was  observed. 

The  dioxygenase  enzyme  from  both  the  species  catalyze 
the  scission  of  p-carotene  at  15 , 15 ' -double  bond  to  retinal. 

It  cleaves  other  carotenoids  like  a-carotene  to  a-retinal  and 
retinal;  5 , 6-epoxy-P-carotene  to  5 , 6-epoxyretinal  and  retinal; 
5,3-epoxy-p-carotene  to  5 , 8-epoxyretinal  and  rerinal;  5,8,5 ’8’- 
diepoxy-P-carotene  to  5 , 8-epoxyretinal;  5 , 6-epoxy-a-carotene 
to  5 , 8-epoxyretinal  and  a-retinal;  cryptoxanthin  to  3-hydroxy- 
retinal  and  retinal;  anhydrolutein  to  3-hydroxyretinal  and 
3-dehydroretinal  (Table-l).  The  enzyme  is  inactive  against 
zeaxanthin  and  lutein.  Though  apo-p-carot enals  and  apo-P- 

carotenols  are  cleaved  to  retinal,  yet  the  cleavage  of  apo-  ; 

P-carotenoic  acids  could  not  be  demonstrated.  Modification 
of  p-ionone  ring  in  apo-p-carotenals  either  by  epoxidation 
or  by  hydroxy lation  results  in  total  loss  of  activity. 

A change  of  P-ionone  to  a-ionone  ring  of  p-carotene  | 

molecule  lowers  the  activity  to  71  and  55  nercent  in  the 
cases  of  guinea  pig  and  rabbit  enzymes,  resoectivelj^'  ( ?able-9) . 

Any  other  modification  at  one  of  the  p-ionone  ring  of  a-  and 
P-carotened  results  in  tremendous  decrease  in  enzv'me  activity. 

Introduction  of  a hydroxyl  group  at  one  of  thp  p-i onone  ring 
of  p-carotene  molecule  lowers  the  activity  to  3-4  percent. 

Anhydrolutein  is  relatively  less  active  than  cryptoxanthin 
in  both  the  species. 
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Amongst  apo-P-carotenals  an(i  ano-^-carotonols  tested, 

10' -apo-i3-carotenal  and  10’ -apo-p-carotenol  are  more  i’eadLly 
cleaved  than  others.  However,  the  cleavage  of  a no-^ -carotenals 
and  apo-i3-carotenols  is  slower  than  that  of  P-carotene. 
Lakshmanan  et  a^.  (1963)  observed  that  carotene  15,15'- 
dioxjrgenase  from  rabbit  intestine  can  catalyze  the  cleavage 
of  apo-P-carotenals  at  a much  faster  rata  than  that  of  p- 
carotene  and  the  enzyme  activity  v;as  in  the  decreasing  order 
of  10'  j Q'  j 4'  in  apo-P-carotenols.  Ihis  led  to  the 
suggestion  that  the  increase  in  chain  length  of  apo-p- 
carotenals  results  in  decrease  in  their  suscentibility  to  be 
cleaved  by  the  enzyme.  Recently,  L-ikshmanan  et  al.(l972) 
observed  that  carotene  15 , 15 ' -di oxygenase  from  rabbit  and 
guinea  pig  intest-ijae  is  rospectiveljr  32.5  and  5.4  times  more 
active  with  10' -apo-p-carot enol  than  p-carotene.  However,  our 
observations  are  not  in  agreement  v:ith  these  reports  and  no 
general  correlation  with  respect  to  chain  length  and  enzjnnc 
activity  can  be  drawn  in  apo-p-carotenals . The  high  enzyme 
activity  observed  by  Lakshmanan  ^ al, ( 1968,1972)  towards 
10'-,  8'-  and  4 ' -apo-P-carotenals  and  lO’-apo-p-carotenol  may 
be  due  to  two  reasons;  Firstly,  the  difference  in  the  solubility 
of  various  substrates  under  experimental  conditions  and 
secondly,  the  enzyme  reaction  is  very  slow  and  to  cori^elate 
the  amount  of  substrate  disappearance  using  crude  enzyme 
preparations,  with  high  degree  of  precisi.cn  may  cause  experi- 
mental error.  Our  in  vitro  studies  'with  apo-P-crotenals  are 
supported  by  vivo  studies  vjitli  these  compounds  and  those 
reported  by  Glover  (1960)  where  .i.t  was  observed  tha,C  the 
percentage  of  vitamin  A formation  from  apo-P-carotenals  in 
the  rat  is  very  low  as  compared  to  p-carotene. 

It  will  be  of  interest  here  to  discuss  the  ^ vitro 
results  in  the  light  of  the  ini  viv_o  studies.  During  the 
nutritional  studies  with  5 , 6-epoxy-p-carotene  ( Subbarayan  ^ 
aj..  ,1966)  ,5,8-epoxy-p-ca.rotene  (J''cob  John  and  Gama,  1972), 
cryptoxanthin  (Jacob  John  et_  nfL.,1970),  5 ,6-epoxy-n-C''rotov,p 
(Kishore  et  al.  , 1970)  and  aniiydrolutein  (Savithry  et  a^l.ioyp) 
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an  exc^ntric  cleavage  was  proposed  to  account  for  the 
biosynthesis  of  vitamin  A,  a-vitamin  A or  3-dehydrovitaiT'in  A 
depending  on  the  nature  of  the  carotenoids.  However,  the 
detection  of  ring  substituted  retinal  derivatives  as  reaction 
products  in  the  present  in  vitro  studies  clearly  establish 
that  the  ring  substituted  carotenoids  are  also  cleaved  at 
the  15 , 15 ' -double  bond. 


a comparison  of  our  ^ vivo  and  jui  vitro  studies  vjith 
apo-p-carotenals  indicates  that  these  compounds  are  converted 
to  vitamin  A ^ vivc  and  are  also  cleaved  to  retinal  enzyma- 
tically. On  the  other  hand,  epoxides  of  apo-p-carotenals  and 
3-hydroxy-8 ' -apo-p-carotenal  which  are  not  attacked  at  the 
15 , 15 ' -double  bond  ^ vivo  are  also  resistant  to  the  attack 
by  the  enzyme.  In  in  vivo  studies  with  apo-|3-carotenoic 
acids,  it  wa.s  found  tha.t  these  compounds  have  vitamin  A 
activity  as  tested  by  feeding  experiments  and  are  converted 
to  vitamin  A,  hovrever,  these  compounds  could  not  be  cleaved 
to  retinal  by  carotene  15 , 15 ' -dioxygenase . This  anomaly  may 
be  due  to  very  low  enzymatic  conversion  of  these  compounds 
such  that  the  trace  amounts  of  retinal,  if  .at  all  formed, 
could  not  be  detected  under  experimental  conditions. 


These  enzymatic  studies  conclusively  show  thnt  the 
carotene  15 , 15 ' -dioxygenase  enzyme  can  also  cleave  other 
carotenoids  at  15 , 15  ' -double  bond.  It  may  be  conceived,  that 
the  enzyme  has  a very  high  specificity  for  the  chemical 
environment  of  the  j3-ionone  ring  as  well  as  for  the  polyene 
chain  of  p-carotene  and  the  structural  modification  in  the 
r.lng  or  in  the  chain  affects  the  enzyme  activity. 


Effect  of  hypothermia  on  the  metabolism  of  g-carotone . 


Various  physiological  mechanisms  ensue  when  the 
environmental  temperature  varies.  ?he  resistance  of  animals 
to  cold  environment  is  brought  about  b*.’’  biochemical  alter'<tions 
and  behavioural  changes.  Increase  in  basal  metabolic  rate 
contributes  effectively  for  the  heat  production  during  cold 
acclimation.  Metabolic  rate  in  acute  or  chronic  cold  exmosuro 
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is  probably  mediated  bv  increased  production  and  ut’lization 
Of  thyroid  hormone  as  evidenced  by  enlargement  of  thyroid  and 
increased  secretion  of  thyroid  stimulating  hormone  (Bauman  and 
Turner,  1967),  cold  acclimation  has  been  found  to  depend  on  a 
marked  rise  in  norephinephrine  and  epinephrine  levels  (LeBlanc 
and  Nadeau,  1961). 

It  is  well  known  that  cold  stress  conditions  bring 
about  a host  of  changes  in  the  metabolism  of  carbohydrate 
lipids,  proteins,  nucleic  acids  and  minerals.  Ca';otenoids  are 
considered  to  be  important  dietary  factors.  Till  today,  a 
little  is  known  regarding  their  metabolism  under  stress 
conditions.  Sundaresan  e^a^.(1967)  reported  that  total 
retinol  levels  of  liver  were  not  affected  by  exposing  rats  to 
a cold  environment.  However,  the  increased  utilization  of 
retinol  was  indicated  in  cold  exposed  rats,  when  the  utilization 
was  expressed  as  a ratio  of  retinol  utilization  to  weight 
gain  of  the  animal.  Further,  Sundaresan  and  Therriault  (1969) 
observed  that  retinal  reductase  level  decreased  in  arimals 
exnosad  to  cold  environment  vrhile  retinal  oxidase  increased. 

They  suggested  that  because  rats  are  normally  reared  on  ' 
feed  which  consists  of  P-carotene  as  the  precursor  of  retinol, 
the  enzyme  retinal  reductase  is  initially  adanted  to  p- 
carotene  and  favo'ors  storage  of  retinol,  When  the  rats  are 
placed  on  rotinol-free  diet,  the  rats  tend  to  stor’'  less  and 
increase  utilization  of  retinol.  Hence,  the  investigation'' 
were  carried  out  to  study  the  effect  of  cold  on  the  absorntior 
and  utilization  of  P-carotonc  bv  the  rat. 

Materials  and  Methods 

P'laterials:  Materials  are  as  described  in  Part-I. 


Methods ; Rats  were  made  vitamin  .i-deficient  as  describ  'd  in 
Part-I.  They  wore  divided  into  two  groups:  one  jrnup  was 
exposed  to  low  temperature  (0~5'^C)  and  the  otlu  r ,'roup  was 
maintained  at  room  temperature  (25-30°C).  B-C'"  r'<''t^,nc  was 

fed  orally  to  both  the  groups  at  the  dosa  ge  of  C.  5 mg/rat/day 
over  a period  of  time  depending  on  the  experi  mi/nt  al  ;'.''->irn. 
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The  feeding  of  P-carotene  was  carried  out  upto  the  period  of 
3 weeks.  The  ani^P.ls  were  killed  at  the  intervals  of  7,14 
and  21  days.  Livers  were  rerioved  and  vitamin  A was  extracted. 
Total  vitamin  A content  and  concentra.tion  of  retinol  and 
retinyl  esters  were  estimated  bv  employing  3-point  corrections 
(Gama  et  ad..  ,1951). 

Estimation  of  retinol  and  retinyl  ester  ratio;  The 
crude  extract  in  light  petroleum  was  loaded  or  to  5 percent 
(w/w)  water  deactivated  alumina  column.  Retinyl  esters  were 
eluted  with  light  petroleum,  the  stronglv  adsorbed  retinol 
being  eluted  later  with  30  percent  ether  in  petrol.  They 
were  estimated  by  measuring  the  absorbance  at  328  and  325  nrj, 
respectively  in  ethanol. 

RESULTS  kNB  DISCUSSION 

Table-1  describes  the  liver  storage  of  vi tamin  A after 
feeding  of  p-carotene  orally, 

Table-1;  Liver  storage  of  vitamin  A after  oral  feeding  of 
0.5  mg  p-carotene/rat/day. 


Wo.  of 

Total  amount  of 

vitamin  /i/rat  ii:  ug 

days 

Control 

Experimental 

7 (5) 

119  ± 5.4 

102  + 3.2 

14  (4) 

122  + 7.8 

106  + 4.5 

21  (4) 

129  + 6.4 

67  + 8.8 

Figures  in  p'^renthosis  indicate  the  total  number  of  animals 
taken  for  experiment. 

It  is  evident  from  the  Table-1  that  the  relative  amount  of 
vitamin  A in  the  livers  of  rats  exposed  to  cold  is  lower  than 
that  corresponding  control  animals  indie  ting  tha c nrob-biv 
I the  utilization  of  vita-in  /.  in  cold-.  x'^osi.'d  anirrls  ^lav  hr 

I higher  than  the  animals  kept  at  room  tomper'ture.  Tabl^-2 

[ shows  the  ratio  of  retinol  to  retinyl  estu’  on  f 'dir.m  at 

p-e.rotne. 
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Table-2 : Ratio  of  retinol  to_retin,yl  esters  in  colcl-exposed 
• ” animals  after  feedjriiy  of  0.5  mg  3-carotene. 


No.  of 

Retinol/Retinyl  ester 

ratio 

Control 

Experimental 

7 (5) 

0.099  ± 0.02 

0.133  + 0.005 

14  (4) 

0.089  ± 0.005 

0.114  + 0.002 

21  (4) 

[ 

0.099  ± 0.003 

0.119  ± 0.004 

Figures  in  parenthesis  inf’icate  the  number  of  animals. 


The  ratio  of  retinol  to  ret inyl  ester  goes  up  in  the 
livers  of  rats  exposed  to  low  temperature.  This  may  be  taken 
as  indication  that  more  rotinyl  esters  are  hydrolyzed  to  retinol 
in  the  liver  which  can  be  utilized  by  the  animal.  The  higher 
ratio  of  retinol  to  retinyl  esters  indicates  that  the  enzyme 
which  converts  retinol  to  retinal,  i.e.,  retinal  reductase 
may  be  the  rate  limiting  enzyme  under  cold  exposure.  ^'he 
observation  is  in  line  with  the  cpzymatic  studies  reported 
earlier  (Sundaresan  and  Therriault , 1969)  that  :ictlvitv  of 
retinal  reductase  in  cold  >.xpo3ed  animals  was  lowered.  It 
appears  that  more  of  ret’nol  may  be  circulated  in  the  plasma 
bound  to  specific  transporting  protein  ind  transported  to 
the  tissue  where  it  is  required. 

It  is  kaown  that  thyroid  hormones  enhance  considerably 
the  absorption  of  carotenoids  from  the  giat . In  turn  this 
results  in  increased  storage  of  vitam.in  in  the  liver 
(Cama  and  Goodwin,  1949),  indic’.ting  that  clcava.gu  of 
carotenoids  to  vit'^’min  .i  in  the  intostiie  is  probablv 
influenced.  However,  from  the  present  studios  no  such 
conclusion  on  the  utilisatio'.i  of  carotenoids  by  th.  col(. 
exposed  animals  can  be  drawn. 
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P A R T - III 

Effect  of  Hypobaric  Hypoxia  Conditions  on  Lysosomes . 

Living  organisms  interact  not  only  with  one  another 
but  also  with  a fluctuating  environment.  However,  dynamic 
internal  constancy  in  spite  of  external  change  is  the  vital 
quality  of  an  organism.  Hence,  when  homeostasis  of  an 
organism  is  challenged  by  environment  or  nutritional  alterations 
organism  adopts  in  such  a manner  to  increase  its  survival 
efficiency  in  its  particular  habitat.  During  biochemical 
adaptation  under  stress  conditions  one  or  many  vulnerable 
sites  in  metabolic  control  hierarchy  may  be  altered.  At  the 
intracellular  level  lysosomal  system  anpears  to  be  a vulnerable 
site  because  of  the  fact  that  it  is  drastically  perturbed  b^" 
fluctuations  in  intra-  and  extracellular  environment.  I'he 
array  of  constituent  acid  hydrolases  in  lysosomes  exhibits 
a voracious  capacity  to  hydrolyse  virtually  all  kinds  of 
macroraoloculcs . Hence,  in  the  present  invcistigatlon,  the 
attention  is  focussed  on  the  studies  on  the  effect  of  high 
altitude  hypoxia  on  lysosomes  and  the  possible  repercussions 
on  the  role  of  lysosomes  due  to  impact  of  stress  stimulus. 

When  animals  are  exposed  to  high  altitude  conditions 
they  experience  simultaneously  two  types  strrss  conditions, 
viz.,  low  oxygen  tension  (hypoxia)  and  low  temperature 
(hynothermia ) apart  from  lov/  pressure  (hypobarla).  Since, 
simulation  of  high  altitude  conditions  leading  to  hyncbaric 
hypoxia  modifies  the  metabolism  of  homeostatic  rammals  it  is 
of  interest  to  study  the  influence  of  this  stress  condition 
on  lysosomes. 

r^torials  and  Methods 

p-Nitrocatechol,  p-nitroc  itechol  sulfate  dipotnssiun 
salt,  p-nitro phenyl  phosnha-te  disodium  salt,  '’’orulla  yeast  RNA 
phcnolphthalein  (3-glucuronic  acid  sodium  salt,  morthiolTte 
and  Triton  X-100  were  purchased  from  Sig'-.a  Cho'-icala,  St. 

Louis,  no.,U.3.a.  Phcnolphthalein  was  obtained  fro’i  E.  ]'*>rck  ,Ad, 


Darnstadt  (west  Germany) . Hemoglobin  was  premred  after 
Anson  (1939).  Uranyl  acetate  was  obtained  from  Koch-Light 
Chemicals.  All  the  other  chemicals  v;ere  of  Analar  grade. 

The  solvents  employed  were  distilled  and  used. 

Methods . 

Simulation  of  high  altitude  conditions;  Female  albino 
rats  weighing  120  g were  obtained  from  the  Institute  colony. 
They  were  fed  on  a rat  pellet  diet  (Hindustan  Lever  Ltd., 
Bombay).  feter  was  given  ^ libitur" . Rats  were  exposed  to 
half  atmospheric  pressure  correspon^'ing  to  the  altitude  of 
about  6100  m in  a specially  designed  decompression  chamber. 

The  decompression  of  air  was  achieved  by  constant  evacuation 
using  a vacuum  pump.  At  the  same  time,  a leak  v^as  maintained. 
Thus,  a free  flow  of  air  was  mainta.ined  and  the  pressure  at 
the  half  atmosphere.  This  pressure  was  obtained  within  3 min 
after  the  start  of  evacuation  and  maintained  constant  value. 
Temperature  can  be  regule.ted  in  the  chamber.  Throughout  the 
experiment  temperature  was  kept  at  28°C  to  nullify  the  effect 
due  to  hypothermia  observed  at  high  altitude.  Essentially, 
the  animals  experienced  hypobaric  hypoxia.  .mimals  were 
exposed  for  different  time  intervals.  The  control  animals 
were  nornobaric  and  kept  at  room  temperature.  For  each  time 
intv-rval  six  animals  X'rere  used. 

Animals  v;ere  killed  by  decapitation.  Brain  and  liv.r 
were  excised  and  kept  in  beakers  placed  in  ice. 

Tissue  homogeniza tion  an d preparation  of  lysos omal- 
rich  fractions;  Liver  xvas  m.inced  wr  11  and  homogenized  in 
0.25M  sucrose  solution  (1:8  w/v)  using  Fotter-Elvehjen 
homogenizer.  The  nuclear  and  ’Mitochondrial  fractions  were 
removed  by  centrifuging  the  homogenate  at  lOOGxg  end  65 OOxg 
for  10  min  each  in  a Gorvall  RC-23  refrigerated  centrifuge.. 

For  some  experi'aents  these  pellets  x^^^,rv  washed  once.  The 
postmitochondrial  supernatant,  thus  obtained,  was  c^-ntrifuged 
at  17 , OOOxg  for  30  min.  The  pellet  was  dcsi.gnatod  as 
ysosomal-rich  fraction.  It  xvas  washed  in  somL  ovpi.  ri'Mc  nts 


once  by  rosuspension  in  0.25M  sucrose  and  pciletting  it  at 
12,000xg  for  30  nin.  The  activitic-s  of  lysosomal  enzymes, 
viz.,  acid  phosphatase,  aryl  sulfatase,  acid  ribonuclease 
(acid  RNase),  cathepsin  D and  |3 -glucuronidase  were  assayed 
in  homogenate  nuclear  mitochondria.1  and  lysosor^al-rich 
fractions  in  the  presence  of  Triton  X-100(lmg/0. 1 ml). 

The  12,000xg  supernatant  was  spun  at  100,  OOOxg  for  60  m.in  in 
a Spinco  L model  Beckman  Ultracentrifugo . The  supernatant, 
thus  obtained,  was  assayed  for  the  non-sedinentable  free 
activity  of  these  enzymes. 

Brain  was  homogenized  in  0.25fl  sucrose  using  a Pottcr- 
Slvehjem  homogenizer.  The  total  activitv  of  the  Lnz5mos  was 
estimated  in  the  homogenate  in  the  presence  of  Triton  Z-100 
(1  mg/O.l  ral) . The  homogenate  was  centrifiigod  at  100,  OOOxg  for 
60  min  in  a L-50  rotor  in  a Spinco  L-model  Ultracentrifuge. 

The  supernatant,  thus,  obtained,  was  estimated  for  lysosomal 
enzymes  and  the  activity  was  designated  as  free  activity. 

Assay  of  lysoso-"ial  enzymes 

Acid  phosphatase;  Acid  phosphatase  was  estimated  using 
p-nitrophenyl  phosphate  as  substrate  by  the  method  of  Lowrv 
et  al.(1954).  The  assay  system  consisted  of  0.2  ml  of 
p-nitrophenyl  phosphate  (0.0081''^),  1.0  ml  of  0. 05M  acetate 
buffer,  pH  5.0  and  appropriate  protein  concentrations  in  a 
2 ml  incubation  mixture.  Triton  Z-100  ( 1 ny/O.l  ml)  was 
included  in  the  cases  of  assay  of  total  activity  in  homogenates 
of  liver  and  brain  and  bound  activity  in  liver  lysosomal-rich, 
mitochondrial,  nuclear  and  microsomal  fractions.  Triton  X-100 
was  eliminated  in  the  assay  of  free  activity  in  the  super- 
natant. The  reaction  mixture  was  incubated  at  for 

15  min.  The  reaction  was  stopped  by  addinf,  3 ml  of  0.2ri 
glycine-NaOH  buffer,  pH  10,  reagent  blank  was  run  in 
parallel.  The  intensity  of  the  yellow  colour  was  'r.oasun  d 
in  Klett-Summerson  Colorimeter  using  42  filter.  The 
calibration  curve  was  constructed  with  p-nitrophencl  as 
standard.  In  the  case  of  total  activity  in  liver  homo,^,nate. 
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activity  was  expressed  as  (itnole  of  p-nitrophenol  roleasoci/rin 
while  specific  activities  in  bound  and  free  forns  as  ni^ole  of 
p-nitrophenol  releasod/reg  protein. 

Aryl  sulfatase;  Activity  was  deter^^ined  employing 
p-nitrocatechol  sulfate  as  substrate,  according  to  the  rsthod 
of  Roy  (1953).  Thv  incubation  nixture  of  2 ml  contained 
0.2  ml  of  0. 066M  p-nitrocatochol  sulfate,  1 ml  of  0.5!'''  acetate 
buffer,  pH  5.7  and  suitable  protein  concentrations . Triton 
X-100  (lmg/0.1  ml)  was  included  for  the  assay  of  enzyme  in 
all  the  fractions  except  in  supernatant.  The  reaction  was 
terminated  after  30  min  at  37°C,  by  adding  2 ml  of  UI  HaOH. 

Tho  intensity  of  red  colour  was  road  at  515  nm  in  a Bockm.an 
DU-2  Spectrophotometer.  ..  blank  v^as  run  along  v^ith  samples. 

A standard  curve  was  plotted  using  p-nitrocatcchol  as  standard. 
Total  activity  in  liver  was  expressed  as  pmole  of  p-nitro- 
catechol liberated  /rin  and  specific  activiti'  S in  tho  bound, 
and  free  forms  as  nmoles  of  p-nitrocatcchol  liborated/r:g  protein. 

3-Glucuronidase : This  enzyme  is  assayed  according  to  'ho 
method  of  Gianetto  and  deDuve  (1955)  using  phunolphthalein-3- 
D-glucuronide  as  substrate.  The  assay  system  consisted  of 
2 ml,  comprising  0.5  ml  of  0. 0013M  phenolphth'’ loin  3-D- 
glucuronide,  1 ml  of  0. 051'"  acetate  buffer,  pH  5.2  an;l 
appropriate  protein  concentrations.  Triton  X-100  (1  ng/O.l  -^l) 
was  used  in  all  fractions  except  in  the  supernatant.  Tho 
assay  was  carried  out  at  37°G  for  20  min.  The  react-’on  w^s 
stopped  by  adding  0.2M  glycinc-HaOH  buffer,  pH  10.7.  A 
reagent  blank  was  estimated  in  p'^rallcl.  The  intensity  of  tho 
pink  colour  was  read  in  Xlett -Summers on  Colorimeter  using 
54  filter.  Total  activity  in  liver  homogenate  was  expressv"'' 
as  pnoles  of  phenolphthalein  released  /min  and  specific 
activities  in  other  fractions  as  nmoles  of  phenolphthalein 
rolcasod/rag  protein. 

Cathepsin  D:  The  assay  was  carried  out  emplo.ying 
hemoglobin  as  substrate.  Pour  ml  of  incubation  •'lixture 
contained  2.5  ml  of  acid  denatured  hemoglobin  (2.5  porc'.nt  w/v) 
in  buffer,  0.5  ml  of  0.27r^  acetate  buffer,  pH  3.8  and  suit\bl>. 


nrotein  concentrations.  Triton  X-i 00  (1  ng/0.1  ml)  was 
included  in  all  the  fractions  excepting  the  supernatant.  The 
assay  system  was  incubated  for  30  min  at  37°C  and  terminated 
by  adding  5 ml  of  5 percent  trichloroacetic  acid  (TCA). 
Substrate  and  enzyme  blanks  were  r^an  in  parallel,  .ifter 
precipitation  with  TGA  it  was  kept  in  cold  atleast  for  one 
hr.  It  was  then  centi'ifuged  at  2,000  r.p.n.  in  cold.  Jin 
aliquot  of  the  supernatant  was  assayed  for  the  released 
tyrosine  using  Folin's  reagent,  using  tyrosine  as  standard. 
Total  activity  was  exnressed  as  pmolos  of  tyrosine  equivalents 
released/min  and  specific  activities  as  nmoles  of  tyrosine 
equivalents  roleased/mg  protein. 

ncid  ribonuclease ; It  was  estimated  by  measuring  the 
absorption  of  thv.  released  nucleotides  at  260  nm  from  Torulla 
yes  St  RFA.  rtssay  system  of  3 ml  consisted  of  3 mg  of  purified 
RNA,  1.0  ml  of  O.IM  acetate  buffer,  pH  5 and  appropriate 
protein  concentrations.  Triton  X-lOO  (1  m.g/0. 1 ml)  was 
em.ployed  in  all  fractions  except  in  the  supernatant.  The 
reaction  mixture  was  incubated  at  37^0  or  25*^0  for  3 0 ri'in. 

The  reaction  was  stooped  by  adding  0.5  ml  of  0.75  percent 
uranyl  acetate  in  25  percent  perchloric  acid.  The  precipitate 
was  allowed  to  settle  in  cold.  it  was  then  centrifuged  at 
2,000  r.p.m.  in  cold,  .in  aliquot  of  supernatant  ’/as  diluted 
suitably  (using  0.1  ml  to  3 ml  dilution).  The  absorbance 
of  the  diluted  samples  was  read  at  260  n-’.  . substrati.'  blank 

was  included.  The  calibration  curve  was  constructed  using 
adenine  as  stan'^ard.  Total  activity  was  expressc-’  as  yimoles 
of  adenine  equivalents  released/min  and  specific  activities 
as  nmol>.s  of  adenine  equivalents  rolcas..d/mg  protein. 

Structural  latency  and  extent  of  fragility  of  lysosc’^  _3 

The  activity  present  in  supernatant  was  desi^pnatc  as 
free  activity  (F)  and  the  activity  th'^t  had  to  bo  rv-'l  ased  by 
Triton  X-100  was  referred  to  as  bound  activity.  In  th  c^'se 
of  liver  lysosomal-rich  fraction  ’was  .'.stimated  for  bound 
activity  (B).  Activity  assayed  in  homogenate  in  the  presence 
of  Triton  X-100  was  called  as  total  activity  (T)  while 
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c^lcul"iting  the  percent  free  activity,  the  total  activity  was 
computed  adding  free  and  bcond  activities  (3+P).  This  node 
of  co'-'putation  was  adopted  to  account  for  the  possibility 
that  the  B+F  vr-ts  not  equivalent  to  T.  F'^oreover,  during 
incubation  at  ^V^C,  the  enzynes  ray  be  released  from,  bound 
form  to  free  an J h^nce  perc  ,nt  fra c activity  may  not  reflect 
the  true  estimate.  Further,  the  distribution  of  the  enzymes 
in  liver  lys os o”"'a  1-rich  fractions  of  experimental  animals  did 
not  differ  very  much  from  that  of  controls.  Hence,  in  the 
case  of  liver,  the  percent  free  activity  was  alv/ays  computed 
on  the-  basis  of  (F/B+F)  x 100, 

Usually  lysosomal  enzymes  exhibit  structural  latency 
i.e.,  they  do  not  act  on  substrates  without  being  released 
from  the  bound  state  by  the  action  of  disrupting  agents. 
Hence,  the  extent  of  free  activity,  i.^, ,,  (F/B+F)  x 100  in 
the  casv:  of  liver  and  (F/T)  x 100  in  brain  was  considered  to 
connote  the  extent  of  loss  of  structural  latency  or  fragility 
of  lysosomes. 

Study  of  the  distribution  of  enzymes  in  liver;  The 
distribution  of  lysosomal  enzymes  in  various  fractions  was 
determined.  Different  fractions  of  rat  liver  were  prepared 
according  to  the  method  of  HogeDrcom  ot  (1948)  using 
0.25H  sucrose  as  homogenizing  medium.  The  lysosomal  enzymes 
viz.,  acid  phosphatase,  aryl  sulfatasc,  acid  RNasc,  p- 
glucuronidase  and  cathopsin  D were  estimated  in  homogenate, 
nuclear,  mitochondrial  lysosomal-i'ich  micri'somal  and  post- 
microsomal  preparations.  Bxcept  for  supernatant  fraction 
Triton  X-100  (1  m.g/o.l  ml)  was  used  to  release  the  sedinentt,  ^ 
enzyme  activities. 

Effect  of  osmotic  stress  on  the  isolat.  1 lysosoral- 
rich  fractions;  To  investigate  th..  aggravating  influence  of 
hypotonic  sucrose  solution  on  lytic  susceptibility  of  hipatic 
lysosomal-rich  fractions,  the  lysosomal-rich  pellet‘d  wor*. 
washed  once  \nd  suspended  in  0.25''  sucrose.  They  were 
diluted  appropriately  with  distilled  water  to  give  varying 
sucrose  concentrations  viz.,  0.2,  0.15,  0.1  and  C.05U  in 


different  Sorvall  tubes.  These  tubes  were  preincubated  for 
30  nin  at  0°C  (Deter  and  dcDuva,  1967).  -ifter  30  -^in,  these 
tubes  were  centrifuged  at  17 , OOOxg  for  30  rrdn.  The  enzyr^o 
activities  loa.ched  out  to  the  supernatant  and  associated 
with  sedirnent  re  rieasui'cd.  S^jdinented  activities  wore 
estirated  after  troatni^-nt  with  Triton  Z-100  (1  ag/0.1  nl)  . 

In  the  present  investigations  acid  phosphatase,  aryl  sulfatase, 
and  acid  RNase  were  deternined  in  th  se  fr‘\ction3.  The 
percent  activity  retained  in  the  pellet  was  computed  on  the 
basis  that  the  activities  obtained  by  troatnent  with  Triton 
X-100  (l  ng/O.l  nl) , of  lys os  oral-rich  fractions  represented 
the  total  (ICO  percent).  Thus,  the  cvrccnt  free  activity 
liberated  to  supernatant  or  percent  activity  retained  in  the 
sediment  was  considered  to  denote  the  injurious  influence  of 
osmotic  stress  conditions  on  the  lytic  susceptibility  of 
lysosomal  preparations. 

Autolytic  Influence  of  temperature  on  the  isolated 
liver  lysosomal-rich  fractions:  The  influence  of  incubation 
at  37°G  on  the  augmented  release  of  lysosomal  enzymes  from 
isolated  hepatic  lysosoraal-rich/fractions  were  incuba.tod  at 
37'^G  for  different  tine  intervals,  viz.,  0,  15,  30,  \5 , 60, 

75  and  90  min.  After  the  respective  time  intervals,  the 
tubes  were  chilled  and  centrifuyed  at  17 , 000:cg  for  30  rdn. 

The  supernatant  was  assayed  for  the  released  enzyme  activities 
and  the  sediment  for  the  retained  acid  phosphatase  and 
aryl  sulfatase  were  ostinated  in  both.  As  above,  the  percent 
free  activity  released  arm'  the  percent  activity  retained 
were  computed,  /.fractions  was  evaluated  as  foil  ows : these 

Influence  of  ionic  strength  on  the  solubility  of 
acid  phosphatase;  The  effect  of  exposure  to  varying  ionic 
strength  on  the  augmented  release  of  acid  phosphatase  was 
estimated  by  incubating  isolated  hepatic  lysosomal-rich 
fractions  with  varying  buffer  concentrations  for  1 hr.  at 
0°C.  .ifter  the  pre-incubation,  the  tubes  werc  centrifuged 
at  17,000xg  for  30  min.  The  activities  r.,  tained  in  tlie 
pellet  o.nd  the  released  into  tlic  non-sediment'' bl'-,  portions 


were  doternin:-'^  a.?  described  0T.rlier. 

Permeability  of  l.vsoso»^al  rne^'brc.no  to  r-nltro- 
phonyl  phosphate;  Isolated  liver  lysoso’^al-rich  fractions 


were  incubated  in  test  tubes  with  different  concentrations 
of  p-nitrophenyl  nhosphatc  for  1 hr.  at  O^C.  <>.  blank  assay 
was  carried  out  by  incubating  corresponding  lysosomal-rich 
fractions  without  p-nitrophenyl  phosphate.  After  1 hr., 
they  wore  incubated  at  37'^C  for  15  min  in  the  absence  of 
Triton  X-100.  .-iCid  phosphatase  liberated  into  supernatant 
wa,s  assayed  as  detailed  earlier. 

RBSUIiTS 

Effect  of  high  altitude  hypoxia  on  structural  latcnc y of 
lysosomal  enzymes; 

Fig. -I  shows  the  influence  of  exposure  of  rats  to 
hypobaric  hypoxia  on  percent  free  activities  of  liver 
lysosomal  enzymes  viz.,  acid  phosphatase,  i3-glucuronidase 
and  acid  RNase  for  different  time  intervals.  It  is  evident 
that  exposure  to  high  altitude  hypoxia  conditions  led  to  loss 
of  structural  latency  of  liver  lysosnmes.  Striking  featur', 
was  that  exposure  to  si-iulated  high  altitude  even  for  1 hr. 
evoked  the  loss  of  structur'’.  1 latency.  After  2'5  hr.  of 
exposure  the  maximum  percent  free'  activities  of  lysosom-il 
enzymes  after  24  and  36  hr.  of  exposure  sh  'wed  th'^t  these 
decreased  as  GO"-rpar>  d to  the  v..luv-s  observed  after  23  hr. 
of  exposure.  However,  these  values  were  still  at  an  elevated 
level  when  compared  to  unexposed  control  animals.  I similar 
picture  was  obtained  in  the  case  of  brain  lysosomal  enzymes. 

Tables  1 to  5 demonstrate  the  influence  of  hypobaric 
hypoxia  on  the  total  activities  of  the  enzymes  in  whole  and 
per  gram  liver  and  total  specific  and  percent  free  activities 
of  acid  phosphatase,  acid  Rllase,  ^-glucuronidase , cathepsin  D 
and  aryl  sulfatase  for  different  time  intervals  viz.,  0.1,;, 
12,24  and  36  hr.  of  exposure.  Total  activities  of  p- 
glucuronidaso , acid  phosphat isc  and  cathepsin  D increased. 
This  may  sijgnify  the  increased  synthesis. 


X Free  activity 


Hours  of  exposure 

Fig.l;  EFFECT  OF  EXPOSURE  TO  HYPOBARTC  HYPOXIA  CU  TEE  FR  vE 
ACTIVITY  OF  LYS030’'AL  EMZYF'ES. 
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Tables  6 to  9 present  the  total  activities  in  brain 
and  percent  free  activities  of  acid  phosphatase,  acid  RI'Tase. 
aryl  sulfatase  and  cathepsin  D for  different  time  intervals 
of  exposure  viz.,  0,  1,  4,  12,  24  and  36  hr.  A similar 
pattern  was  observed  as  in  liver. 

Incrdased  percent  free  activities  were  considered  to 
indicate  the  loss  of  structural  latency  of  lysosomes.  Such 
enhanced  percent  free  activities  of  these  enzymes  may  be  due 
to  increased  fragility  of  lysosomal  preparations  obtained 
from  exposed  animals,  to  the  homogenization  technique. 

Distribution  of  lysosomal  enzymes  among;  different 
fractions ; Distributions  of  acid  phosphatase,  acid  RNasc, 
aryl  sulfatase  and  cathepsin  D were  studied  in  different 
fractions  viz.,  homogenate,  nuclear  mitochondrial,  lysosomal- 
rich,  microsomal  and  post  microsomal  supernatant.  Fig.TI 
shows  the  distribution  of  acid  phosphatase  and  acid  RITaso 
in  different  fractions.  It  is  evident  that  there  was  no 
demonstrable  variation  in  the  distribution  of  enzymes. 

Aryl  sulfatase  and  cathepsin  D exhibited  a similar  pattern. 

Effect  of  osmotic  stress  conditions  on  lytic  suscepti- 
bility of  liver  lysosom.al-rich  fractions:  Increased  free 
activities  of  the  enzymes  in  animals  exposed  to  hypobaric 
hypoxic  conditions  indicated  the  enhanced  fragility  of 
lysosomes.  Hence,  the  effect  of  osmotic  stress  conditions 
was  studied  on  the  isolated  lysosomal-rich  fractions  obtained 
from  animals  exposed  to  hypobaric  hypoxic  conditions  for  hr. 
Figs. Ill  to  7 reveal  that  exposure  to  hypotonic  sucrose 
solutions  accentuated  the  liberation  of/^acid  RlJase  from 
lysosomal-rich  fractions  from  animals  exnoscd  to  hypobaric 
hypoxic  conditions  into  the  supernatant.  The  increase  in 
percent  free  activity  released  to  particulate-free  super- 
natant or  the  decrease  in  percent  retention  of  enzyme  on 
exposure  to  osmotic  stress  conditions  was  more  pronounced  for 
experimental  than  that  of  control  animals.  The  released 
enzymes  may  stem  either  from  intact  lysosomes  or  from  the 
damaged  lysosomes  adsorbed  to  the  intact  ones. 
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Fi^>:.2:  DISTRIBUTION  OF  ACID  PHOSPHATASE  AND  ACID 
RNase  IN  DIFFERENT  FRACTIONS  OBTAINED  FHON 
LIVER-INFLUENCE  OF  IffPOB/iRIA. 
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Autolytic  influence  of  tc mperature  on  the  lytic 


susceptibility  of  liyer  lysosomal-rich  fractions;  Accentuation 
of  lytic  susceptibility  to  osmotic  stress  indicated  that 
exposure  to  hypobaric  hypoxia  seemed  to  modify  in  such  a way 
as  to  liberate  more  soluble  enzymes  from  lysosomal  matrix. 

As  explained  in  Fbterials  and  Methods  the  lysosomal-rich 
fractions  isolated  from  rats  exposed  to  simulated  high  altitude 
hypoxia  for  4 hr.  were  incubated  at  37°C  for  different  time 
intervals  to  evaluate  the  influence  of  time-course  autolysis. 
Figs. VI  and  VII  show  that  the  time-course  autolysis  accele- 
rated the  liberation  of  acid  phosphatase  respectively  into 
supernatant . 

Influence  of  ionic  stron,°:th  on  the  solubility  of 
acid  phosphatase;  Influences  of  osmotic  stress  and  time-course 
autolysis  on  the  liberation  of  lysosomal  enzymes  from  isolated 
lysosomal-rich  fractions  from  liver  of  experimental  animals 
under  hypobaric  hypoxia  indicated  the  probable  modification 
of  lysosomes  in  experimental  animals.  Hence,  it  v;as  of 
interest  to  investigate  the  effect  of  change  in  ionic  strength 
on  the  liberation  of  acid  phosphatase  into  soluble  particulate- 
free  supernatant  from  liver  lys os ome.  1-rich  fractions  of 
experimental  animals.  Fig. VIII  depicts  the  influence  of 
increasing  ionic  strength  on  the  solubility  of  acid  phosphatase 
from  liver  lysosomal-rich  fractions. 

Permeability  of  Ivsosomos  to  substrates;  In  the  light 
of  the  above  studies,  it  was  desiro'''  to  find  out  whether 
permeability  property  of  lysosomes  in  i..xperiraental  animals 
has  been  modified.  Table-10  indicated  that  no  alteration  in 
permeability  property  had  occurred  as  evidenced  by  the  failure 
of  p-nitrophenyl  phosphate  to  elicit  the  release  of  lysosomal 
enzymes.  Therefore,  it  appears  as  if  there  is  no  modification 
in  permeability  charact > ristics . 

Solubility  of  lysosomal  enzymes : Various  disruptive 
forces  incite  the  liberation  of  enzymes  from  lysosoral  matrix. 
Studies  wore  carried  out  to  evaluate  tlio  efficiency  o"' 
accentuation  of  solubility  of  enzvmes  by  various  disruptive 
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agents  such  as  Triton  X-100,  freez,ing  and  thawing  and  exposure 
to  hypotonic  sucrose  solution  (Table-ll)  reveals  that  Triton  X- 
100  at  a concentration  of  1 mg/0.1  ml  release  subriaximal 
amount  of  acid  phosphatase.  Triton  X-100  elicited  the  maximal 
disruption  amongst  these  agents. 

DISCUSSION 


A response  is  a direct  reaction,  either  adaptive  or 
non-adaptive  to  an  environmental  stimulus.  Organisms 
subjected  to  stress  conditions  adapt  themselves  to  increase 
their  survival  efficiency  in  the  new  environment.  Hcncc, 
the  organisms  should  evoke  the  potential  regulatory  mf.'cLanisms 
for  their  survival  efficiency.  This  involves  a series  of 
coordinated  changes  at  physiological , behavioural  and 
biochemical  levels.  The  adaptation  strategy  an  organism 
adopts  depends  on  temporal  factor  and  intensity  of  stressor. 

Biochemical  alteration  is  effected  by  appropriate 
modulation  of  various  metabolism  under  the  influence  of 
stressor.  These  modulations  may  be  elicited  through  the 
mediation  of  hormones  or  other  homeostatic  regulators,  which 
play  paramount  role  in  the  maintenance  of  internal  milieu 
constant.  Pervasive  effects  of  high  altitude  conditions 
which  include  oxygen  impoverished  environment  would  call  for 
the  changes  at  the  biochem.ical  levels.  Simulated  liigh 
altitude  with  simultaneous  influences  of  hypobaria,  hvpoxia 
and  hypothermia  cause  many  bioohemical  changes.  The  nrime 
factor  in  alleviating  the  stress  conditions  are  the  catabolism 
of  unwanted  cellular  m.atcrial.s,  enhanced  synthesis  of  RNA 
and  proteins  and  induction  of  wide  variety  of  regulatory 
enzymes,  mainly  catabolic  enzymes  like  tyrosine  amino 
transferase,  tryptophan  pyrrolase  etc.  Considering  the 
magnitude  of  modifications  occurring  under  hypobaric  hyiioxia 
it  is  easily  conceivable  that  poised  system  such  as  lysosoma], 
system  may  7)articipate  actively  in  the  maint  'nance  o ' 
homeostasis.  Taking  into  account  the  fact  that  extensive 
/brain  autophagy  occurred  within  30  min  o^'  anoxia  in  rntZ(  Ericsson , 
196'})  and  enhanci  d fragility  of  Ivsosomes  of  liver  and 
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brain  (Tables  1 to  9)  surnised  that  activation  of  lysosor.os 
may  be  an  expression  of  physiological  survival  mechanism. 

At  this  stage  it  is  very  premature  to  conclude  that  such  an 
influence  of  hypobaric  hypoxia  on  Ivsosomes  is  the  primary 
event.  It  may  very  well  be  that  enhanced  fragility  consequent 
to  increased  autophagy  may  be  a secondary  event. 

Fig. I and  Tables  1 to  9 clearly  implied  the  loss  of 

structural  latency.  Such  loss  in  structural  latency  could 

stem  from  various  reasons.  The  increase  in  percent  free 

activity  may  arise  from  the  enhanced  fragility  of  lysosomcs 

to  homogenization  procedure.  Nevertheless,  increase  in  J_ 

synthesis  of  these  catabolic  enzymes.  The  consequence  of 

the  above  implication  is  understandable  since  lysosomal 

svstem  is  known  to  take  active  part  in  the  maintenance  of 

homeostasis,  /tot^l  activity  indicates  that  there  may  be  an 

increase  in 

Diminished  structural  latency  of  lysosomal  enzymes 
induced  by  high  altitude  hypoxia  stress  may  stem  from  various 
possibilities;  (i)  increased  enzyme  synthesis,  (ii)  inefficient 
cellular  disruption  during  homogenization  process  combiner 
with  preferential  ^ysis  of  tissues  of  experimental  animals, 
(iii)  disruption  of  lysosomcs  or  incr« ased  fragility  of  these 
organelles  and  (iv)  increase’'  permeability  of  the  lysosomal 
mem.branc  to  enzvme  substrates.  Possibility  of  increased 
permeability  of  the  membrane  to  enzyme  substrates  is  not 
tenable  in  this  case  because  of  the  fact  that  the  methodology 
employed  in  determining  the  free  activity  involves  the  assay 
of  activities  in  the  non-sedimientable  particulate-fi’ee 
supernatant  and  not  at  the  homogenate  level.  Moreover,  the 
data  depicted  in  Table-11  clearly  rules  out  this  possibility 
of  increased  permeability  loading  to  more  free  activity 
than  in  control,  /it  present,  equivocalness  of  the  experi- 
mental approach  does  not  per:  it  any  decisive  conclusions 
to  be  drawn,  rog^'i.rding  the  causative  factor  per  si-  for  this 
collateral  enhancement  of  free  activities  of  enzymes.  It  is 
impossible  to  distinguish  whether  th-  liberation  of  enzymes 
it  caused  in  vivo  under  the  influence  of  high  altitude 
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hypoxia  or  iji  vitro  due  to  mechanical  stress  of  homogenization 
technique  aggravating  the  release  oi  enzymes  from  erstwhile 
sequestered  in  the  lysosomal  membrane  in  experimental  anim.als. 
In  the  prevailing  situation,  the  presumptive  evidences  seem 
to  indicate  tho.t  the  mechanical  stress  due  to  homogenization 
leads  to  covert  labilization  of  lysosomal  enzymes.  Hov;ever, 
present  day  biochemical  tools  are  not  too  penetrating  to 
rule  out  the  possible  L'i.bilization  in  vivo  prior  to  homogeni- 
zation. Lysosomal  enzymes  need  not  be  extruded  from  the 
membrane  for  the  degradation.  Such  a degradation  can  be 


achieved  by  fusing  v/ith  autophagic  vacuoles.  The  digestion 
of  materials  can  be  carried  out  in  the  autonhage-lysosomes . 
Fragility  of  lysosomes  obtained  from  experimental  animals 
to  mechanical  stress  induced  by  homogenization  technique  may 
be  duo  to  enlarged  lysosomes. 

Such  an  increase  in  size  should  be  reflected  by  more 
proneness  to  lysis  on  exposure  to  hypotonio  solution  than  tho 
lysosomes  obtained  from  control  animals.  To  verify  this 
hypothesis  liver  lysosomal-rich  fractions  isolated  from 
experim.ental  and  control  rats  were  exposed  to  hypotonic 
sucrose  solution.  It  is  evident  from  Figs. Ill  to  V that 
osmotic  stress,  indeed,  aggravates  the  lytic  susceptibility. 
Hence,  it  appears  th ‘t  enlargement  in  size  cf  liver  lysosomal- 
rich  fractions  may  be  responsible  for  the  readiness  to 
liberate  the  lysosomal  enzymes  in  the  case  of  experimental 
animals.  The  augmented  rclea-sc  of  enzynes  into  supernatant 
from  the  bound  form  m.ay  be  conceived  as  arising  either  out  of 
damaged  lysosomes  during  homogenization  or  enhanced  substrate 
permeability.  The  latter  hypothesis  advocates  the  liberation 
of  enzymes  from,  intact  lysosomes.  Enhanced  substrate  -oormoa- 
bility  is  ruled  out  in  tho  present  investigation  from  the 
results  recorded  in  Table-11.  It  is  furth* r supported  by 
experimental  evidencos  obtained  regardin.g  the  permcabilitv 
of  rat  liver  lysosomes  to  P-glycjionhosphato  (dcDuve,  196“^), 
rat  liver  ot-glucosidasc  to  mannose  (Lloyd,  1969)  and  r'lt 
liver  preparctions  to  various  substrates  ( daccino  and 
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Zuretti,  1975;  Baccino  ^al^.,1971).  Baccino  2J..(l971y 
and  Baccino  and  Zuretti  (1971)  from  thoir  studies  proposed 
that  the  enzyme  from  Ivsosomus  either  remain  attached  to 
sedimentable  portions  of  lysosomes  or  adsorb  seconda,riiy 
adsorb  on  other  particulate  material.  Herein  one  interesting 
point  which  attracts  attention  is  that  the  ra^c  of  fall  in 
percent  retention  for  acid  phosphatase  appears  to  be  the 
same  except  for  the  initial  'drop'  Iv.  experimental  animals. 
This  decrease  in  percent  retention  of  acid  phosphatase  in 
experimental  anim-als  may  be  due  o.dsorption  artifact. 

However,  the  complexity  of  situation  precludes  any  firm 
conclusion  to  be  derived  except  that  the  augment a tiosi  of 
lytic  susceptibility  to  osmotic  stress  lends  further  support 
to  the  enhanced  fragility  of  lysosomes  prepared  from  Idv^r 
of  exoerimental  rats. 

Further  corroborative  evidences  for  the  ncrcont 
findings  that  hypobaric  hypoxia  alters  the  structux’al 
latency  of  lysosomal  enzymes  \reve  provided  by  exacorb'’ ting 
stimulus  of  thermal  autolysis  or  isolated  lysosomal-rich 
fractions.  Figs. VI  and  VII  depict  the  irfluonce  of  incubatior. 
at  57°c  for  different  time  intervals  on  the  eugmonted 
liberation  of  acid  phosphat-isc  fron^ysosomes  of  experimenta  l 
'’nimals.  The  striking  parallelism  exhibited  by  aryl 
sulfatase  and  acid  nhosphatase  can  bo  conjectured  that  a 
common  mechanism  ■'mderlies  th,.  accentuited  liberation  of  rll 
these  enzymes.  During  progressive  autolysir  duo  to  incuoation 
at  37^C  as  also  duo  to  exrosure  to  hyaotonic  sucrose  soluticr 
a close  correlation  of  release  of  th'^’se  enzymes  at  an  enhanced 
rate  to  the  particulate-free  rup'rni tr.nt  can  he  observed. 

It  may  be  attributed  to  high  altitude  hypoxic  conditions. 

The  experimental  dcsi^pi  involved  renid  chilling  and  removal 
of  pa.rticulate  from  supernatant , th  estimation  of  enzymi 
activities  being  carried  out  both  in  x".rtieul''tr'-frec 
supernatant  and  particulate  fractions, 

Another  inter,  stinp-  pciut  which  di  serves  att'  ntion 
is  that  of  thi  se  stimuli  liberating  Ciizy^es  fro"!  1vsoso;t.  s, 


Triton  X-100  elicits  maxinial  accentuatinj?  influence  on  the 
release  of  enzymes  from  lysosones.  Hence,  the  nercent  free 
activity  of  the  enzymes  and.  the  percent  retention  were 
computed  on  the  basis  that  Triton  X-100  (l  mg/0.1  ml)  released 
enzyme  activities  as  100  percent.  It  is  significa.nt  to 
observe  that  Triton  X-100  (1  lag/O.l  ml)  which  was  included 
in  the  incubation  mixture  to  determine  the  total  activity 
from  the  particulate  fraction,  even  for  1 hr.  left  behind 
some  residual  nrotein  if  the  reaction  mdxture  was  centrifuged. 

Documented  evidences  exist  to  im.nlicate  Ivsosomes  in 
playing  preponderate  role  in  cel.lular  economy  (deDuve  and 
Wattiaux,  1966).  Hence,  vdth  the  present  evidence  it  may 
be  surmised  that  increase  in  percent  free  activities  connotes 
the  involvement  of  lysosoraes  as  an  expression  of  physiological 
survival  mechanism. 

In  order  to  appreciate  the  physiological  significance 
of  the  increase  in  catabolic  activity,  one  should  know  the 
functional  role  of  the  lysosomal  system  as  to  whether  it  is 
merely  to  scavange  the  unwanted  portions  of  cellular  material 
or  to  actively  participate  in  various  metabolisms.  Acid 
DNase  and  acid  RNase  have  been  implicated  to  hydrolvze  DNA 
and  RNA,  respectively  as  a result  of  accuinulation  of  carcino- 
genic agents  vrithin  lysoso-^.es  consequence  of  which  leads  to 
rupture  of  lysosones  (Allison,  1969).  It  appears  that 
lysosones  participate  in  the  metabolisni  of  various  tissue 
components  (Dean,  1975).  One  coi  Id  predict  from  the  above 
observations  that  lysosomal  systero  can  serve  both  to  scavanvo 
the  unwanted  portions  of  cellular  material  and  to  participate 
in  metabolism.  It  is  of  relevance  to  point  out  that  cathepsin 
D,  acid  RNase  and  acid  phosphatase  of  liver  and  brain,  and 
j3-glucuronidase  in  liver  are  drastically  affected.  Another 
important  question  whether  the  effect  of  hypobaric  hypoxia 
induced  alteration  in  structural  integrity  is  luite  specific 
to  lysosomal  membrane.  Under  hyrobaric  hypoxLc  conditions  in 
lew  land  hviman  beings  to  high  -altitude  results  in  the-  cliango 
in  many  parameters  such  as  erytnrocyte  count , erythrocyte 
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nembrane , mitochondria  etc . ( Prisanoho , 1^75).  However,  the 
interactions  betv;een  organls'^s  and  their  environment  are 
exceedingly  cc^nlex  and  no  sinvle  limitin.-;  mechanism  exists 
for  one  environmental  narameter  in  a given  species. 

In  conclusion,  it  appears  that  l3''sosoral  system  is 
triggered  into  action  as  a secondary  evenx. 

Role  of  lysosomes  du ring  liver  i-egenes-a t iun 

Introduction 

Repair  by  regeneration  is  a biological  ohenOMenon 
experienced  in  varying  degr'ee  ail  members  cf  the  phylo- 
genetic series.  It  signifies  uhe  replacement  or  restoration 
of  lost  parts,  including  cells,  by  structuially , and  of’^sn 
functionally  similar  units.  The  adult  .mammalian  live.r  has  a 
remarkable  capacity  for  growth  by  compensatory  hypertrophy 
and  hjrperplasia  after  the  loss  of  functional  hepatic  tissue. 

It  is  usually  a stable  relatively  quiescent  tissue,  yet 
growth  exceeding  that  of  embryonic  or  malignant  cells  can  be 
initiated  b,y  a variety  of  experimental  procedures.  Vhen  part 
of  the  liver  is  removed  or  damaged,  many  cliangec  take  place 
in  the  remnant,  some  of  which  are  relevant  to  the  proliferative 
resnonse  and  some  0“^  whicii  ocerr  vs  a i-esult  oi  an  expression 
of  the  profound  metabolic  and  other  c'nanges  which  accompany 
this  major  event.  Thus,  there  ir,  apparently  a large  reser\''e 
of  functional  capacity  o.t  the  liver  because  experimental 
animals  can  survive  the  remov-al  of  npic  3C  percent  ol  the 
liver  without  untoward  effect. 


During  the  initial  p h’V  iel.l  owing  tlie  partial 
hepatectomy  there  ;^a.s  a dispersion  ci'  cytcplas’-  ic  basophi  li" 
within  hepatic  cell  cytoplasm,  particul ’rly  in  the  poripherv 
of  hepatic  lobules  (Fischer,  1P60).  Irtracytoplasnic  ’'rcplots 


also  occurred  during  this  eai'l',’’  peri  :)i 


These  ohsorvaticnc 


appeared  to  be  related  to  dilatations  of  gnanular  on  ^oplps'^ic 
reticulum  as  well  as  apparent  rt  location  o*'  grann.l>.' s from 
endoplasmic  reticulum  to  cytoplasr.  . The  disposition  of  th  ? 
granular  ER  during  earlv  phasc.^’  cf  logeneration  was,  in  l''r.go 
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part,  dependent  upon  the  glycogen  content  of  the  hepatic  cells. 

During  early  oeriod  glvcogen  depiction  and  linid  accuFulation 

were  encountered..  Hence,  during  glycogen  depletion  the 

granular  ER  were  poorly  oriented.  An  increase  in  size  of 

hepatic  cells,  nuclei  and  nucleoli  was  observed  between  12  and  i 

2i  hr.  following  partial  hep.atec+ony . Fitosis  took  place 

.at  24  hr.  Their  number  increased  rapidly  upto  28  hr.  followed 

by  a rapid  decline  and  sub-sequently  more  gradual  decrease 

during  the  next  several  day.s.  ^ 

Cytoplasmic  inclusion,  most  often  comprised  of  ! 

solitary  limiting  membre.nes  and  a variable  matrix  corresponding  | 

to  microbodies  and  cytosomes  are  increased  during  the  first 
18  hr.  following  partial  hepatector-v . [ Fischer  (1969); 

Bresnick,  1971].  The  lysosc^al  nature  of  manv  of  these 
structures  is  confirmed  by  t.heir  lysosom.al  content  (Fssner  and 
Novikoff,  1961).  An  increase  in  lysosom.al  content  has  been 
established  bv  Idams  (1963).  Incre.ase  in  autophagy  has  been 
recorded  during  regeneration  indicating  the  probable  involve- 
ment of  lysosomal  system  in  the  preparation  for  cell  division 
(Bresnick,  1971).  Lvsos ^mes  have  been  localized  around 
nucleus  and  mitotic  spindle  durin-T-  cytokinesis  (Bresnick, 

I97I;  Lane  and  Becker,  1967).  This  implies  the  active 
participation  of  Ivsosom^s  in  mitosis  occurring  in  liver 
regeneration.  It  is  supported  by  the  fact  that  lysoso.mes 
are  activated  luring  nuclear  activity. 

3-enerally,  no  abr.ormality  is  seen  during  regenerative 
process.  At  72  hr.  following  partial  hepa tector.y , hepatic 
cells  appear  normally  ultrastructuro llv. 

Synthesis  of  RITA  and  DNA  and  protein  increased  during 
rapid  cell  multiplication  in  '’cgenor.ating  rat  liver  (Short 
et  al.  , 1972;  Ord  and  Stocken,  1972;  '‘^orris  and  Clark,  1972), 

Chatterjee  et  aB..  (1974)  have  shown  that  lysoso>^al  aci  ’ 
phosphatase  and.  P-glucuronida.se  and  alkaline  phos "^h.atase 
increased  during  liver  regrnor  ition.  "hirthcr,  ond  ACTH 

enhanced  the  total  activites  of  these  enzymes  in  regenerating 
rat  liver. 
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It  is  of  interest  to  stutiy  the  role  of  lysoso-nes  unier 
regenerating  conf^itions  such  as  hepatic  regeneration  after 
partial  hepatectorny . Regeneration  is  affected  by  environ- 
mental parameters.  Here,  lysosories  of  regenerating  rat  liver 
were  studied  in  animals,  which  were  exposed  to  high  altitixae 
hypoxia  for  24  br.  prior  to  martial  hepatectomy. 

Ife-terjals  and.  Methods 

Substrates  and  other  chemicals  are  as  described 

earlier. 

Experimental  set  up':  "'ale  V/istar  rats  of  Institute 
colony  were  fed.  with  rat  pellet  diet  (Hindustan  Lever  Ltd,  , 
Bombay)  . They  were  given  water  libitum.  Rats  v/eighing 
120  g were  divided  into  8 groups.  Groups  I to  III  were 
normobaric  and  kept  at  room  temperature.  Groups  II  and  III 
were  subjected  to  partial  hepatectomy  according  to  Higgins 
and  Anderson  (1931)  and  allowed,  to  regenerate  for  24  and  48  hr. 
respectively.  Groups  IV  and  VIII  were  exposed  to  a simulated 
high  altitude  as  described  earlier  for  24  hr.  Groups  VII  and 
VIII  were  then  subjected  to  partial  hepatectomy  and  allowed 
to  regenerate  for  24  and  48  hr.  respectively.  Animals  of 
Group  IV  were  sacrificed  immediately  after  exposure  to  high 
altitude  hypoxia.  Rats  of  Groups  V and  VI  were  brought  back 
to  room  temperature  and  pressure,  after  exposure  to  high 
altitude  hypoxia  for  24  and  48  hr.  respectively. 

Partial  hepatectomy  was  performed  as  follows:  Large 
median  and  left  lateral  lobes  of  the  liver  were  ligated  and 
excised  leaving  the  rig]it  lateral  and  caudal  lobes  intact. 

Total  excised  liver  usually  amounted  to  about  70  percent. 

After  surgical  removal  of  part  of  the  livei"  the  incision  is 
sutured  and  clipped. 

Animals  were  killed  bv  decapitation  and  livers  vjerc 
excised  and  the  portions  of  liver  which  underwent  necrosis 
were  removed , 

Preparation  cf*  tissue  fractions,  ensyp-'C  assays  an  i the 
mode  of  calculation  were  a.s  detailed  earlier. 
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RESULTS 

Table-l  presents  the  liver  v^eights  during  regeneration 
for  groups  II,  III,  VII  and  VIII.  The  rate  of  v/eight  gain  in 
re.ts  exposed  to  hyoobaric  hypoxia  prior  to  partial  hepatectomy 
(3-roups  VII  and  VIII)  was  less  than  that  in  the  norriobaric 
rats  (Groups  II  and  III).  This  may  indicate  that  hypobaric 
hynoxia  affects  regeneration. 

Tables-2  to  6 show  the  total  activities  in  vrholc  and 
gram  liver  and  total  specific  and  percent  free  activities 
of  acid  Phosphatase,  aryl  sulfatase,  P-glucuronidase , 
cathepsin  L and  acid  RNase  in  regenerating  rat.  From  the 
Tables  it  is  evident  th^t  there  is  increase  in  percent  free 
activity  of  these  enzymes  in  rat  livers  where  regeneration 
occurs.  Data  shown  in  Tables  divulge  th-i.t  structural  latency 
of  lysosomes  of  regenerating  rat  liver  was  lost  regardless 
of  whether  rats  were  exposed  to  hypobaric  hypoxia  for  2-1-  hr 
prior  to  partial  hepatectomy  or  normobaric  rats. 

Percent  free  activities  of  lysosomal  enzymes  in 
Groups  V and  VI  are  elevated  as  compared  to  Group  I.  However, 
these  were  less  as  compared  to  Group  IV. 

Tables  2 to  6 reveal  the  increase  in  total  activities 
per  g liver  of  these  enzymes  for  groups  TI  to  VIII  over  group  I. 
However,  increments  in  total  act-ivities  in  Groups  VII  and  VIII 
were  less  than  in  groups  II  an^"  III,  respectively,  another 
observation  which  deser'/es  a+tontion  is  that  total  activities 
per  gram  liver  was  ipore  than  thac  of  groups  VII  and  VIII. 

If  the  increment  in  total  activities  o-f'  these  enzy-cs/g  liver 
was  considered  to  reflect  the  increase  in  synthesis  tiien 
there  occurred  enhanced  synthesis  of  these  enzymes  in 
regenerating  liver  obtained  from  normobaric  rats( Groups  IT 
an'  III).  Further,  exposure  to  high  altitude  hvuoxi  - 
affected  the  regeneration  r'^te. 

DISCUSSION 

Physiological  regeneration  < ncom-^^ss-  • u. 
of  cellular  replacement  encounturi  ' in  -rn 
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Table-1: 

Effect  of  hlsh  a 

Ititude  hypoxia  on  liver 

regeneration. 

Hours 

after 

hepa- 

tectomy 

Normobaric  rate 
(wt.of  liver 
in  g) 

I^te 

of 

growth 
( percent ) 

Hypobaric 
rate(wt . of 
liver  in 
g) 

Rate  of 
growth 
(percent ) 

0 

1.57  + 0.07* 

1.64  + 0.14 

24 

2.137+  0.021 

36.0 

1.763+  0.034 

7.5 

48 

2.417+  0.047 

12.9 

1.997+  0.076 

12.0 

Norraobaric  rats  were  hepatectonized  and  allowed  for 
regeneration  for  24  and  48  hours  respectively.  Hypobaric 
E rats  were  exposed  to  high  altitude  hypoxia  for  24  hours 

I prior  to  hepatectomy.  After  hepatoctoray  they  were 

I allowed  to  regenerate  for  24  and  48  hours.  Liver 

5 weights  were  determined  in  both  the  groups. 


Table-2 ; Effect  of  liver  regeneration  on  acid  TJhosphatase 


c 

Groun  Total  activity^  Total  specific  Percent  free 

per  gm  liver  aotlvlty‘‘  aetlvlty*^^ 


I 

6.32+1.23 

329+17.8 

12. (HI. 7 

II 

8.52+0.72 

? 

i 0.05  427+15.4 

P ^ 0.01 

25.4+1.9 

? i 0.001 

III 

8.94+1.49 

P 

7 0.05  435+20.9 

P ^ 0.01 

17.2+2.4 

P Z 0*05 

IV 

8.76+0.91 

P 

/O.OOl  410+16.7 

P ^ 0.01 

39.8+3.2 

P i 0.001 

V 

7.89+1.04 

P 

7 0.05  398+12.5 

P / 0.05 

29.4+3.6 

P / 0.01 

VI 

8.24+0.79 

P 

L 0.05  354+16.3 

P 7 0.05 

28.6+2.8 

P i 0.001 

VII 

7.43+1.73 

P 

7 0.05  379+14.3 

P ^ 0.05 

36.7+1.7 

P i 0.001 

VIII 

7.62+1.09 

P 

7 0.05  384+16.4 

P Z 0*05 

28.7+4.6 

? Z 0.01 

6 - Total  activity  is  expresseti  as  praoles  of  p-nitrophenol 
released  per  min. 

66  - Total  specific  activity  is  expressed  as  nmoles  of 

p-nitronhenol  released  per  mg  protein  per  incubation 
time. 

666  - Percent  free  activity  is  calculated  as  (Total  activity 
in  free  form/Total  activity  in  bound  and 
free  forms)  x 100. 

Values  are  expressed  as  mean  + 3.12. "i.  of  6 observations. 

Values  are  statistically  evaluated  by  comparing  with 
that  of  Group  I. 

Groups  I-III  are  normobaric;  II  and  III  - hepatectomized  and 
allowed  for  regeneration  for  24  and  48  hr.  respectively. 

Groups  IV-VIII  were  exposed  to  high  altitude  hypoxia  for 

24  hr. ; VII  and  VIII  - hepatectomized  and  allowed  for 
regeneration  for  24  and  48  hr.  respectively;  V and  VI  - 
brought  back  to  room  temperature  and  pressure  for  24  and 
48  hr.  respectively. 

P 7 0.05  Not  significant;  P / 0.05  Highly  significant. 
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Table-3 ; Effect  of  liver  regeneration  on  aci(j  ribonuclease. 


Group  Total  activity^  Total  specific  Percent  free 

per  gm  liver  activity^^  activity^** 


I 

2.07+0.16 

459+7.4 

7. 6+1. 8 

II 

4.92+0.37 

P 1 0.001  594+9.7 

P i 0.001 

21.7+0.9 

P 1 0.001 

III 

5.72+0.12 

? i 0.001  647+10.6 

P i 0.001 

34.5+6.5 

P i 0.001 

IV 

5.20+0.29 

P i 0.001  604+15.2 

P i 0.001 

37.6+9.0 

P / 0.01 

V 

4.49+0.34 

P / 0.001  585+13.0 

P !_  0.001 

28.5+8.5 

P / 0.05 

VI 

4.25+0.65 

P i 0.001  527+14.2 

P / 0.01 

30.1+6.2 

P / 0.01 

VII 

3.90+0.14 

P i 0.001  487+  9.6 

P / 0.05 

29. 4+‘U6 

P i 0.001 

VIII 

4.30+0.24 

P i 0.001  495+10.4 

P 7 0.05 

27.6+3.9 

P i 0.001 

6 - Total  activity  is  expressed  as  |iraoles  of  adenine 
equivalents  released  per  min. 

66  - Total  specific  activity  is  expressed  as  nmoles  of 
equivalents  released  per  mg  protein  per 
incubation  time. 

666  - Percent  free  activity  is  calculated  as  (Total  activity 
in  free  form/Total  activity  in  bound  and 
free  forms)  x 100. 

Values  are  expressed  as  mean  + S.E.It.  of  4 ob^  tions. 

The  values  are  statistically  evaluated  by  comparing  with 
that  of  Group  I. 

Groups  I-III  - Normobaric;  II  and  III  - Hepatectomized  and 
allowed  for  regeneration  for  24  and  48  hr 
respectively. 

Groups  IV-VIII  - Exposed  to  high  altitude  hypoxia  for  24  hr.; 
VII  and  VIII  - Hepatectomized  and  allowed  for 
regeneration  for  24  and  48  hr.  respectively; 

V and  VI  - Brought  back  to  room  temperature  and 
pressure  for  24  and  48  hr.  rospectively. 

P 7 0.05  Not  significant;  V /_  0.05  Highly  significant. 
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TabIe-4 : Effect  of  liver  regeneration  on  cr.thepsir  D . 


Group 

Total  acti\ity^ 
per  gm  liver 

Total  specific 
activity^^ 

Percent  free 
acti'^'-ity*^^^ 

T 

II 

0.93+0.12 

1.47+0.26 

P / 0.05 

189+10.7 

243+11.6 

P Z 0.01 

3.7+1. 9 

27.4+2.6 

P Z 0.001 

III 

1.65+0.3  4 

P Z 0.05 

277+  9.6 

p Z 0.001 

29.5+1.8 

P Z 0.001 

IV 

1.45+0.11 

P Z 0.01 

283+13.1 

? Z 0.001 

32.4+2.7 

P Z 0.001 

V 

1.25+0.07 

P Z 05 

249+11.9 

? Z 0. 01 

23.7+1.7 

P Z 0.001 

VI 

1.32+0.10 

P ^ 0.05 

256+  5.8 

p Z 0.001 

22,4+0.6 

p Z 0.001 

VII 

1.07+0.13 

P 7 0.05 

221+  8.4 

? z 0.  05 

29. 4+0.  d 

p Z 0.001 

VIII 

1.20+0.19 

P 7 0.05 

272+11.6 

p Z 0.001 

23.8+0.5 

? Z 0.001 

6 - Total  activity  is  expressed  as  pmoles  of  tyrosine 
equivalents  released  per  nin. 

66  - Total  snecific  activity  is  expressed  as  nmoles  of 
tyrosine  equivalents  released  per  mg  protein 
per  incubation  tine. 

666  - Percent  free  activity  is  calc  :ilated  as  (Total  activity 
in  free  form/Total  activity  in  bound  and 
free  forms)  x 100. 

Values  are  expressed  as  mean  + S.E.N.  of  4 observations. 

The  values  are  statistically  evaluated  by  comparing  with 
that  of  (Jroup  I. 

Oroups  I-III  - Normobaric;  II  and  III  - Hepatectomised  and 
allowed  for  regeneration  for  24  and  48  hr. 
respectively. 

G-roups  IV-VIII  - Exposed  to  high  altitude  hypoxia  for  24  hr,; 
VII  and  VIII  - Hepatectomized  and  allowed  for 
regeneration  for  24  and  48  hr.  respectively; 

V and  VI  - Broiight  back  to  room  temperature  and 
pressure  for  24  and  48  hr.  respectively. 

P 7 0.05  Not  significant;  P / 0.05  Highly  significant. 
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I Table-S;  Effect  of  liver  regei 


c 

Group  Total  activity  Total  specific  Percent  free 

per  gm  liver  activity®^  aetivity“* 


I 

3.8+0.41 

275+14.7 

4. 0+0.2 

5.1+0.39 

P 

i 0.01 

325+11.9 

P Z 0.05 

10.7+0.8 

? Z 0.001 

III 

6.0+0.17 

■n 

X 

i 0.001 

379+14.9 

? Z 0-001 

8.  4+0. 6 

P Z 0.001 

IV 

4.7+0.40 

P 

Z 0.05 

394+11.4 

P Z 0.001 

10.  4+0.  4 

P Z 0.001 

4.C^0.39 

P 

7 0.05 

345+14.4 

P Z 0.01 

8.7+1. 2 

P Z 0.01 

VI 

4.3+0.13 

■n 

jr 

7 0.05 

364+12.3 

? Z 0.001 

8. 5+0.3 

P Z 0.001 

VII 

3.9+0.27 

p 

7 0.05 

375+  9.4 

P Z 0.001 

12.4+0.17 

p Z 0.001 

VIII 

4.2+0.  03 

p 

7 0.05 

325+  8.7 

P Z 0.05 

10.9+0.1 

P Z 0.001 

6 - Total  activity  is  expressed  as  uraoles  of  p-nitrocatechol 
released  per  min. 

66  - Total  specific  activity  is  expressed  as  nmoles  of 
p-nitrocatechol  released  per  mg  protein  per 
incubation  time. 

666  - Percent  free  activity  is  calculated  as  (Total  activity 

in  free  form./Total  activity  in  bound  and  free  forms ) xlOO. 

Values  are  expressed  as  mean  + S.E.M.  of  4 observations. 

The  values  are  statistically  evaluated  by  comparing  with 
that  tf  Group  I. 

Groups  I-III  - Nornobaric;  II  and  III  - Hepatectomized  and 

allowed  for  r .generation  for  24  and  48  hr . respectively. 

Groups  IV-VIII  - Exposed  to  high  altitude  hypoxia  for  24  hr; 

VII  and  VIII  - Hepatectomized  and  allowed  for 
regeneration  for  24  and  48  hr.  respectively; 

V and  VI  - Brought  back  to  room  temperature  and 
pressure  for  24  and  43  hr.  respectively. 

? 7 0.05  Not  significant;  P / 0. 05  Highly  significant. 


Group 

c 

Total  activity 
per  gm  liver 

Total  specific 
activity^^ 

1 

Percent  free 

o 566 

activity 

I 

2.94+0.23 

87+  7.1 

4. 9+1. 2 

II 

5.98+0.12 

T5 

X 

i 0.001 

128+10.5 

T 

J. 

Z 0.01 

22.4+3.7 

? Z 

III 

6.07+0.53 

r 

i 0.001 

343+10.7 

X 

Z 0.001 

27.3+4.1 

P Z 0.001 

IV 

4.67+0.63 

p 

L 0.05 

270+  6.23 

T> 

X 

Z 0.001 

12.4+1.8 

r Z 0.01 

V 

4.38+0.72 

? 

L 0.01 

240+  6.43 

X 

Z 0.001 

8. 4+0. 8 

F z 0.05 

VI 

4.39+0.36 

p 

Z 0.05 

254+  6.60 

X 

Z 0.001 

8.  0+0.7 

P Z 0.05 

VII 

3.21+0.31 

p 

7 0.05 

217+  0.37 

p Z 0.001 

14.9+0.5 

p Z 0.001 

VIII 

3.42+0.40 

p 

7 0.05 

207+  0.31 

p 

Z 0.001 

23.9+1.2 

p Z 0.001 

6 - Total  activity  is  expressed  as  pmoles  of  phenolphthalein 
released  per  min. 

66  - Total  specific  activity  is  expressed  as  nmoles  of 
phenolphthalein  released  per  rag  protein  per 
incubation  time. 

666  - Percent  free  activity  is  calculTted  as  (Total  activity 

in  free  forn/Total  activity  in  bound  and  free  forras)xlOO. 

Values  are  expressed  as  mean  + S.'i.M.  of  4 observations. 

The  values  are  statistically  evaluated  by  comparing  with 
that  of  Group  I. 

Groups  I-III  - Norrrobaric;  II  and  III  - Hepatoctomized  and 

allowed  for  regeneration  for  24  and  48  hr.  respectively. 

Groups  IV-VIII  - Exposed  to  high  altitude  hypoxia  for  24  hr; 

VII  and  VIII  - Hepatectomized  and  allowed  for 
regeneration  for  24  and  48  hr.  respectively; 

V and  VI  - Brought  back  to  roon  tempers-ture  and 
pressure  for  24  and  48  hr.  respectively. 


r 7 0,05  Not  significant;  P / 0.05  Highly  significant. 


axiomatic  that  the  ability  of  tissues  to  exhibit  such 
physiolo^^ical  regeneration  is  inversely  nroportional  to 
their  degree  of  differentiation.  Organs  such  as  liver,  kidney 
and  connective  tissue  in  general,  shovf  a low  mitotic  index 
(Fischer,  1969).  Such  cells,  however,  do  exhibit  the  capacity 
for  accelerated  renewal  following  partial  removal. 

The  application  of  such  techniques  as  labelling  with 
^H-thymidine  and  mitotic  arrest  by  colchicine  has  provided 
accurate  estimates  of  the  renewal  velocity  of  various  cell 
populations.  Edwards  and  Klein  (1961)  extensively  studied 
the  relative  renewal  rates  of  34  different  tyoes  of  cells  in 

3 

normal  adult  mouse  with  H-thjnT>idine . They  concluded  that 
rigid  categori2iation  of  cell  types  according  to  mitotic  index 
in  linwarranted,  since  all  cells,  save  neurons  and  cardiac 
muscle,  exhibit  DNA  synthesis  at  a fairly  steady  state  above 
that  required  for  normal  growth. 

Various  theories  on  regenerative  stimulus  have  been 
propounded,  yet,  factor(s)  stimulating  regeneration  remains 
controversial.  Nevertheless,  whatever  be  th^e  stimulus  for 
regeneration  tissue  destruction  appears  to  be  the  pri'^ary 
event.  It  has  been  proposed  that  the  initial  catabolism' 
paves  the  way  for  unopposed  growth  activity  mediated  by  other 
stimuli  for  instance  oestrogens  (Szego,  1974),  lysosomes  may 
be  invoked  to  play  a role  in  massive  degradation  of  cellular 
constituents.  Here,  it  is  relevant  to  note  that  in  the 
present  investigation,  enhanced  free  activities  of  acid. 
Phosphatase,  acid  ribonuclease , P-glucuronidase  and  cathepsin 
D were  observed  in  regenerating  rat  livers  both  in  exposed 
to  simulated  high  altitude  conditions  and  in  normobaric  rats 
(Tables  2 to  6).  It  has  been  shown  that  within  18  hr,  DNA 
synthesis  reaches  maximum  and  mitosis  commences  at  14  hr. 
(Fischer,  1969;  Bresnick,  1971).  During  mitosis  it  has  been 
documented  that  lysosomes  play  a preponderate  role  (ozego, 
1974?  Allison,  1969).  These  observations  can  be  rocanciled 
by  the  present  finding  that  percent  free  and  total  activities 
of  these  enzymes  increased. 
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If  the  extent  of  regeneration  is  neasured  on  the  rate 
of  increase  in  weight , then  Table-1  reveals  that  the  exposure 
to  high  altitude  hypoxia  prior  to  hepatectomy  has  diminished 
the  regeneration  rate. 

It  is  well  known  that  during  regeneration,  cell 
population  increases  and,  hence,  increase  in  lysosonal  content 
can  be  accounted  for  in  normobaric-hepatectomized  rats, 
Chatterjee  e^^,  (1974)  have  shown  that  total  activities  of 
acid  phosphatase,  P-glucuronidase  and  alkaline  phosphatase 
have  increased  in  regenerating  rat  liver. 

Decrease  in  total  activities  of  lysosomal  enzymes  in 
Groups  VII  and  VIII  as  compared  to  Groups  II  to  VI  can  be 
reconciled  if  one  considers  that  the  rate  of  regeners-tion 
is  affected  by  exoosure  to  hypobaric  hyooxia. 

Physiological  significance  of  increased  fragility 
of  lysosomes  as  indicated  by  the  loss  of  structural  latency 
of  lysosomal  enzymes  appears  to  implicate  the  involvement 
of  lysosomes  in  catabolism  of  tissue  components  prior  to 
synthetic  activity.  Ultrastructural  data  show  the  autophagy 
in  the  intial  stages.  It  is  appropriate  to  point  out  that 
nercent  fiee  activities  of  cathepsin  D,  acid  RNase,  acid 
ohosphatase  and  P-glucuronidase  are  at  high  level  indicating 
the  extensive  loss  of  structural  latency  in  regenerating 
rat  liver.  Lvsosones  may  discliarge  the  function  of  active 
catabolism  of  the  components  so  that  the  constituents  can 
further  bo  used  for  synthesis  of  essential  components. 

However,  lysosomal  activation  nay  not  be  the  primary  event 
as  a result  of  partial  hepatcctony. 
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